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1.  This  effort  had  as  its  objective  the  Investigation  and  quantification 
of  electronic  equipment  reliability  growth  of  two  types: 

a.  Growth  in  reliability  due  to  operation  of  the  equipment  in  an 
environment  where  failures  are  reported,  analyzed,  cause  pinpointed  and 
corrective  action  to  the  design,  production  process,  or  material  taken. 

b.  Growth  in  reliability  due  to  operation  and  the  ensuing  natural 
weed' ng  out  of  bad  parts  and  defective  workmanship  by  failures/repairs. 

Type  (a)  growth  corresponds  to  in-house  testing  and  type  (b)  growth  to 
field  operation. 

2.  The  objective  of  the  study  was  met.  Six  models  were  extracted  from  the 
dozens  that  were  encountered  in  the  literature  search  and  were  studied  in 
detail.  These  were  the  Duane  model,  IBM  model,  exponential  model,  Lloyd- 
Llpow  model,  Aroef  model,  and  the  simple  exponential. 

3.  Each  of  the  six  models  was  fitted  to  data  sets  (186  data  sets  for 
ground  equipment  and  84  for  airborne  equipment)  which  included  equipments  of 
different  types  (communications,  radar,  data  processing,  etc.).  In  addition 
to  including  reliability  growth  information,  the  data  set  for  each  equipment 
also  included  information  relative  to  the  scope  of  the  reliability  program 
associated  with  that  equipment. 


4.  In  order  to  determine  the  degree  of  fit  of  the  models  to  the  data,  two 
I  goodness  of  fit  parameters  were  calculated  R  and  R.E.  R  is  defined  as  the 

average  absolute  percentage  error  in  the  pr'edlcted  versus  the  observed  values. 
R.E.  measures  the  fraction  of  the  unexplained  variation  to  the  total  variation. 
The  smaller  the  values  of  R  &  R.E.  the  better  the  fit  (ideally  R  =  R.E.  =  0). 

5.  fhe  results  indicate  that  although  the  Duane  model  seldom  was  the  best 
^  fitting  model  it  almost  always  fit  the  data. 

6.  The  IBM  model  fit  airborne  data  the  best.  This  particular  model  is  very 
useful  because  by  using  it  you  can  estimate  the  number  of  non- random  failures 

'  that  are  present  in  an  equipment  before  testing  is  begun  on  it.  The  model  also 
allows  you  to  estimate  the  fraction  of  non-random  failures  that  have  been 
removed  by  some  time  T  which  means  that  if  you  want  to  .remove  a  certain  fraction 
of  the  non-random  failures  in  an  equipment  you  can  estimate  the  amount  of  test  i 
time  required  to  do  so. 


7.  Each  of  the  remaining  models  was  found  to  be  the  best  fit  to  the  data  for 
specific  combinations  of  environment,  equipment  type,  and  aggressiveness  of 
reliability  program.  Each  is  discussed  in  detail  in  the  final  report. 


I 


( 


8.  The  reliability  gains  encountered  on  the  average  turned  out  to  be 
around  5  to  1  which  is  interesting  when  compared  to  the  RPM  (G.E.  growth 
model)  gain  of  about  10  to  1.  This  discrepancy  could  be  due  to  the  fact  that 
instead  of  calculating  the  limiting  WTBF  from  the  models  ( the  Duane  model 
was  used  for  all  the  reliability  gain  analysis)  the  RPM  method  used  the 

MIL-HDBK-BIVbT  limiting  MTBP-  (prediction  according  to 

9.  The  whole  concept  of  the  reliability  gain  analysis  can  be  somewhat 
Msleading  if  it  is  not  carefully  analyzed.  It  may  and  probably  is  certainly 
true  that  the  more  money  that  is  spent  on  reliability  the  higher  the  MTBF  will 
be.  However,  there  seems  to  be  a  point  of  diminishing  returns  where  the 
programs  with  larger  expenditures  of  dollars  (usually  concentrated  in  the 

testing  phase)  seem  to  start  out  with  a  greater 
initial  MTBF  and  therefore  the  potential  gain  in  reliability  is  less  no^ 
matter  how  much  money  is  spent  in  testing. 

10.  As  expected  It  was  found  that  a  higher  reliability  gain  occurred  for 
ground  equipment  than  for  airborne  and  for  in-house  testing  than  for  field 
operation.  This  might  be  partially  explained  by  airborne  equipment  going 

more  environmental  and  screening  type  tests  than  the  ground  equipment 
therefore  attaining  a  greater  gain.  pmcuu 

°T  equipment  in  a  certain  environment  and  a  particular 
reliability  program,  the  best  fitting  model  can  be  chosen  by  comparing  the 
R  and  R.E.  for  each  which  are  given  in  tables  in  the  final  report. 

oDn'’  a  brief  look  at  the  examples  given, a  project 

engineer,  SPO,  or  anyone  else  who  has  a  requirement  (specified  MTBF)  to  be 
met  can  find  out  how  long  it  will  take  to  reach  this  goal,  how  much  t 'sting 
^Sgressiveness  of  the  reliability  program  required,  and  the 
initial  MTBF  that  can  be  expected  from  the  equipment.  By  the  same  token. if 
someone  has  an  equipment  which  possesses  a  certain  Initial  rellabilltv  he  can 
estimate  what  limiting  achievable  MTBF  he  can  expect  to  reach  and  how'  long  it 
will  take  to  achieve  It. 
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SECTION  0.0-  SUMMARY 


The  data  collection  and  evahiatlon  effort  resulted  In  a  data  base  of  two-hundred 
sevcntj’  (270)  data  sets:  one-hundi  ed  eighty  six  (186)  data  sets  on  ground  based 
system s/equipments  and  eighty  four  (84)  on  airborne  systems.  The  data  were  classi¬ 
fied  further  by  equipment  type,  in-house  and  field,  and  level  of  reliability  expenditures 
on  the  program.  The  data  collection  and  evaluation  effort  is  discussed  in  Section  2.0. 

A  literature  search  led  to  the  selection  of  six  (6)  feasible  growth  models:  Duane, 
IBM,  exponential,  Lloyd-Llpow,  Arocf  and  simple  exponential.  It  is  interesting  to 
note  that  the  phenomenon  of  reliability  growth  was  observed  on  virtually  every  data  set. 
The  models  are  described  in  Section  3.0.  The  popular  Duane  model,  while  rarely  fit¬ 
ting  "best"  was  seen  to  fit  in  almost  all  cases.  The  fact  that  the  simple  exponential 
model  was  far  and  away  most  frequently  the  best  fit  points  out  the  extreme  physical 
complexity  of  the  growth  process  since  certain  properties  of  the  simple  exponential 
model  preclude  it  from  being  a  growth  descriptor. 

Overall,  the  reliability  gain  (final  cumulative  MTBF  divided  by  initial  cumulative 
MTBF)  was  on  the  order  of  5  to  1.  The  reliability  gain  was  greater,  generally,  for 
ground  than  airborne  and  greater  for  in-house  data  than  field  data. 

As  expected  the  reliability  gain  was  greater  for  moderate  to  high  reliability  ex¬ 
penditures  than  for  low  reliability  expenditures. 

An  analysis  of  the  Duane  model  growth  rate  parameter  yielded  a  growth  rate 
(logarithmic)  of  0.45  at  a  high  level  of  reliability  expenditures. 

This  is  very  close  to  the  commonly  talked  about  0, 50  figure.  While  many  of  the 
six  models  fit  in  a  variety  of  data  sets  certain  conclusions  were  obvious.  For  example, 
the  exponential  model  is  vastly  superior  to  the  other  models  for  laser  systems/ 
equipments.  The  Duane  model  seems  to  do  best  in-house  for  radar  systems/ 
equipments.  The  results  of  the  data  analyses  and  comparisons  between  models  and 
data  class  factors  are  given  in  Section  4,0  and  5,0, 

One  important  inclusion  is  that  growth  curve  analysis  should  be  approached  from 
the  standpoint  of  stochastic  process  aiuilysis.  This  and  other  conclusions  are  discuss¬ 
ed  in  more  detail  in  Section  6. 0, 
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SECTION  1.0-  INTRODUCTION 


1. 1  Purpose  of  the  Study 

The  purpose  of  this  study  Is  the  investigation  of  the  phenomenon  of  Reliability 
Growth  for  both  ground  based  and  airborne  systems  and  equipments  in  two  basic  en¬ 
vironments: 


i)  "in-house"  where  failure  reporting  and  analysis  is  closely  controlled  and 
corrective  actions  are  taken,  and 

ii)  "in-field"  where  the  equipment  or  system  operates  in  its  intended  use  en¬ 
vironment  and  where  failures  are  reported, 

mu  Generally,  the  "in-house"  phase  above  is  called  the  developmental  testing  phase. 
The  investigation  was  conducted  for  both  ground-based  and  airborne  electronics  equin- 
ment  and  systems.  ^ 

The  specific  objectives  were:  1)  test  several  (six  were  used)  plausible  growth 
models  to  determine  which  models  fit  grovdh  data  well,  2)  estimate  the  limits  of 
reliability  gain  possible,  3)  classify  the  reliability  programs  associated  with  the  var¬ 
ious  data  classes  with  respect  to  "aggressiveness/control"  of  the  growth  process  to 
determine  the  relationship  between  this  aggressiveness  and  reliability  gain,  and  4) 
establish  general  guidelines  for  using  reliability  growth  as  a  development  tool.  A 
more  detailed  description  of  both  the  airborne  and  ground  systems/equipment  mav  be 
found  in  Section  2.0.  i  / 


( 


1«  2  Introduction  to  Growth  Curves 

In  this  study  when  we  speak  of  reliability  we  will  mean,  as  is  usual,  ihe  mean 
time  between  failure*  and  designate  it  MTBF.  The  phenomenon  of  reliability  growth 
over  time  has  long  been  recognized.  What  has  happened  to  spur  the  relatively  recent 
(roughly  the  last  three  years,  see  (71,  (11),  (18))  increased  interest  in  rella'  .-ity 
growth  as  a  development  tool?  The  answer  is  fairly  simple 

1)  IXie  to  increased  "cost"  squeezes  it  has  been  realized  that  the  standard  reli¬ 
ability  demonstration  test  occurs  relatively  late  in  the  program  to  really 
drive  design  and  to  make  fLxes  efficiently, 

2)  It  is  now  recognized  that  MTBF  is  not  a  constant,  even  for  a  short  time, 
throughout  the  development  and  use  cycle  and  that  by  monitoring  the  equip¬ 
ment  carehilly,  making  fixes,  and  analyzing  failures  valuable  reliability 
information  can  be  obtained  in  time  to  do  some  good, 

.  reliability  growth  occurs  by  the  finding  and  removing  of 

FtKis  is 
(actually 
in 


♦One  might  also  consider  growth  in  the  reliability  function  R(t).  However,  this  latter 
quantity  is  not  often  studied  In  developmental  testing  programs. 


poiiB  ttiiu  worxmansnip  aeiects.  The  rate  at  whlc 
done  detegn^es  the  rate  of  reliability  growth.  The  reliability  gro^h  curve 
a  mathemT'^lpl  function  fitted  to  the  observed  growth  data)  is  a  powerful' tool 
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maintaining  the  growth  process  and  making  deeis^qns  during  the  growth  process:  if 
the  form  of  the  growth  curve  (function)  can  be  discovered  then  the  parameters  of  the 
curve  can  be  estimated  early  on  and  present  and  future  (expected)  growth  can  be  as¬ 
sessed  and  fLxes  made  in  time  to  actually  Improve  reliability. 

Unfortunately,  the  growth  process  Is  extremely  complex  and  hence  difficult  to 
model  mathematically.  The  problems  are  similar  to,  In  degree  of  severity  at  least, 
those  commonly  encountered  in  projecting  flic  results  of  accelerated  tests  to  normal 
operating  conditions.  The  situation  is  complicated  further  by  the  fact  that  almost  any 
mathematical  function  which  is  positive  and  monotone  increasing  in  t  (time  >  o)  is  a 
candidate.  If  one  is  not  careful  the  problem  reduces  to  the  empirical  fitting  of  ad-hoc 
models  with  no  physical  interpretation  in  terms  of  the  process  being  observed.  In  the 
next  section  we  "discuss  the  approach  taken  in  this  study  to  avoid  some  of  these  prob¬ 
lems,  Before  proceeding  to  the  next  section  a  final  remark:  growth  curves  are  use¬ 
ful  in  practically  all  areas  of  endeavor,  e.  g, ,  economics,  industrial  job  learning, 
biological  processes  and  others.  Thus  the  really  deeply  Interested  reader  may  want 
to  search  the  literature  in  these  fields.  In  this  report  we  have  searched  only  the  re¬ 
liability  related  literature. 

1.3  The  Study  Approach 

The  basic  approach  to  achieving  the  objectives  mentioned  In  Section  1, 1  can  best 
be  described  in  terms  of  the  study  tasks. 

Study  Tasks 

1,  Conduct  a  literature  search  to  identify  possible  growth  models. 


The  useful  results  of  the  literature  search  are  given  in  the  references  and 
bibliography.  Actually  many  more  articles  and  papers  were  turned  up  but 
were  not  used  in  this  study.  It  was  clear  from  the  literature  search  that  at 
the  present  time  the  overwhelmingly  most  popular  growth  model  was  the 
Duane  model;  in  fact  quite  possibly  more  popular  than  all  the  other  models 
combined.  The  other  models  were  selected  on  the  basis  of  their  Intuitive 
plausibility,  the  fact  that  their  parameters  are  Interpretable  In  terms  of  the 
growth  process,  because  their  forms  are  tractable  enough  to  allow  reason¬ 
ably  straightforward  methods  of  estimating  their  parameters  and  finally, 
because  they  contained  no  more  than  three  parameters.  The  six  models 
selected  are  described  in  Section  3,0, 

2.  Identify  data  sources;  collect  and  evaluate  the  data. 

The  results  of  this  task  are  described  in  Section  2,0. 

3,  Develop  computational  methods. 

This  task  Involved  the  selection  and/or  development  of  methods  for  estimat¬ 
ing  the  unknown  parameters  in  the  six  models.  The  resulting  methods  are 
described  In  Section  8,0. 
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Selection  of  data  analyses  to  be  performed. 


This  task  involved  the  decision  as  to  what  analyses  were  to  be  performed  on 
the  available  data.  As  a  first  step  system  equipment  data  classes  were 
formed. 

Actually  the  establishment  of  data  classes  formed  the  foundation  for  all  the 
data  analyses.  The  factors  defining  the  classes  are  four: 

Type  of  sy stem/ equipment 

Environ menir  Airborne  and  ground. 

Type  of  data:  In-house  and  field. 

Aggressiveness  of  Rl  -  0%  of  total  program  acquisition  costs 

Reliability  Program:  expended  on  Reliability. 

R2  -  less  than  1%  but  more  than  0%  of  total 
program  acquisition  costs  expended  on 
Reliability. 

R3  —  more  than  1%  of  the  total  program  ac¬ 
quisition  costs  expended  on  Reliability, 

Equipment  Category  Antennas,  radars,  etc.  fora  total  of  fifteen 

(over  ground  and  airborne). 

In  each  data  class  there  may  be  more  than  one  data  set  and  some  data  classes 
may  be  empty.  Since  the  data  was  gathered  after  the  fact  rather  than  from  a 
statistically  designed  experiment  the  "holes"  (e.g.  no  R2  data  on  ground 
based  radars)  are  to  be  expected.  Table  2.5  gives  a  complete  picture  of  the 
data  sets.  It  is  enough  to  say  here  that  there  are  a  total  of  186  data  sets  for 
the  ground  based  systems/equipment  and  84  data  sets  for  the  airborne 
systems/equipment.  Data  with  less  than  three  failures  was  not  used  be¬ 
cause  It  was  Insufficient  to  enable  fitting  of  the  models. 

It  was  mentioned  in  Section  1,1  that  the  amount  of  reliability  gain  was  also  of 
interest.  Thus  the  following  data  analyses  are  required: 

a)  Estimate  the  unknown  parameters  of  the  six  growth  models  by  data 
set. 

b)  Compute  the  goodness  of  fit  criteria  for  each  of  the  six  models  for 
each  data  set. 

c)  Decide  on  the  best  model  for  each  data  set. 

d)  Analyze  data  for  generalizations  applicable  to  the  data  classes: 
airbome  vs.  ground,  in-house  vs.  field  and  Rl  vs.  R2  vs,  R3. 

e;  Evaluate  reliability  gain  for  each  data  set. 


0  Analyze  reliability  gain  for  possible  generalizations  in  terms  of 
data  classes. 


These  analyses  and  the  conclusions  based  upon  them  are  discussed  In  Sections 
4.0  and  5.0  respectively. 

5.  Develop  guidelines  for  applications. 

The  purpose  of  this  task  is  to  develop  guidelines  for  the  general  application 
of  growth  models,  i.e. ,  what  type  works  well,  the  gain  expected  and  the 
goodness  of  fit  expected  with  respect  to  the  type  of  data  (in-house  vs.  field), 
type  of  environment  (alrbome  vs.  ground)  and  Rl,  R2,  R3.  These  guide¬ 
lines  are  given  in  Section  6.0. 

The  models  developed  herein  can  be  used  for  two  basic  purposes.  First, 
during  the  development  phase  the  modcl(s)  can  be  used  to  monitor,  control, 
and  predict  reliability  growth.  The  data  required  are  the  n  (=  no.  of  failures) 
pairs  cumulative  MTBF  and  time  at  failure.  The  model(s)  may  then  be  fit 
according  to  the  methods  given  in  section  8.0;  in  particular  section  8.4.9. 

By  far  the  most  Important  uce  is  before  the  development  program  begins.  A 
model  can  be  used  to  predict  development  time  reared  to  achieve  a  certain 
MTBF  and  to  estimate  initial  MTBF.  The  data  required  to  use  the  model  in 
this  way  is  the  model  type,  environment,  type  of  equipment,  and  preliminary 
parameter  estimates  from  this  report.  Examples  of  this  important  use  are 
given  in  section  6.1. 
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SECTION  2.  0  -  DATA  SOURCES,  COLLECTION  AND  EVALUATION 


2. 1  Data  Search 

2. 1. 1  Internal.  Data  collection  began  with  an  internal  source  survey  of  elec¬ 
tronic  systems  that  might  yield  usable  data.  The  Systems  Effectiveness  Department 
of  Hughes  Aircraft  Company,  Ground  Systems  Group,  has  personnel  with  first  hand 
knowledge  of  most  systems  built  at  Hu^es  Aircraft,  In  addition  Hughes  has  Internal 
reports  such  as  the  Contract  Assignment  Report  and  the  Closed  Contract  Register  for 
both  Ground  Systems  and  Airborne  Systems.  Through  these  reports  and  the  suggestions 
given  by  the  Systems  Effectiveness  Department  personnel,  a  list  of  systems,  project 
heads,  managers,  reliability  engineers,  and  other  information  were  compiled.  Per¬ 
sonal  and  telephone  contact  was  made  with  the  responsible  people  for  each  system  or 
project.  From  each  of  these  a  request  was  made  for  a  description  of  the  reports  and 
the  data  available,  the  period  of  data  collection  and  the  names  of  the  reports  and  oeoDle 
who  could  supply  the  reports. 

A  literature  search  by  the  Hughes-Fullerton  Library  brought  forth  several  useful 
systems,  final  reports  ami  acceptance  reports. 

2. 1. 2  Exie^rnal.  A  literature  search  by  the  National  Aeronautics  and  Space  Ad¬ 
ministration  and  by  the  Defense  Documentation  Center  yielded  no  useful  failure  histor¬ 
ies.  Such  reports  gave  final  NTPEF  and  total  failures,  but  none  gave  a  history  of  cum¬ 
ulative  failures  versus  cumulative  time. 

Personal  contacts  with  the  personnel  at  the  Naval  Ship  Weapon  Systems  Engineer¬ 
ing  Station  Port  Hueneme,  California,  led  to  a  large  data  base  for  ground  systems 
computers  and  displays. 

2.  2  Data  Collection 

2. 2. 1  Data  Requests.  Requests  were  sent  to  both  internal  and  external  agencies 
for  the  various  reports.  Reports  received  were  of  the  following  types:  Monthly  re¬ 
ports,  final  reports.  Interdepartmental  Correspondence  (IDC),  Operations  and  Main¬ 
tenance  Reports  (OMR),  computer  failure  listings  and  Reliability  and  Maintainability 
(R/M)  Reports.  In  some  cases  the  reports  were  so  large  (several  years  of  monthly 
reports)  it  was  necessary  to  sort  through  boxes  of  reports  and  make  copies  of  only  the 
summary  data  tables  and  graphs  of  interest. 

2.2.2  Data  Center  search.  The  Systems  Effectiveness  Department  maintains  a 
R/M  Data  Center  which  contains  information  gathered  during  in-house  testing  and  field 
operations  on  most  of  Hughes  built  systems.  A  search  of  the  Data  Center  files  gave  a 
large  part  of  the  useful  data  for  Ground  Systems  and  some  data  on  Airborne  Systems. 
The  data  found  was  of  the  following  types;  Field  logs,  field  engineering  reports,  pro¬ 
posals,  failure  reports,  customer  requests,  IDC’s,  OMR’s,  R/M  reports,  monthly 
and  final  reports. 

2.2.3  Special  file.  As  these  reports  were  received,  they  were  evaluated  for 
useful  information.  If  they  were  found  to  be  useful,  a  copy  was  placed  In  a  special 
growth  study  file  In  the  Data  Center  to  be  used  as  source  material  for  this  study.  Ta¬ 
bles  2. 1  and  2. 2  give  a  description  of  the  systems  on  which  data  were  collected. 
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TABLE  2.1 


System /Equipment  Description 

-  Ground 

System /Equipment 
Number* 

Description 

Period  of  Data  Collection 

1 

Shipboard  Radar 

Aug  1973  to  Jun  1974 

2 

Ground  Based  Radar 

Apr  1969  to  Apr  1971 

4 

Satellite  Microwave  Link 

Mar  1968  to  Aug  1974 

5 

Shipboard  Satellite 
Microwave  Communication 

Feb  1967  to  Sep  1968 

7 

Weapon  Control 

Oct  1971  to  Aug  1972 

8 

Radar  Display 

Apr  1966  to  Jul  1972 

9 

Computer 

Nov  1967  to  May  1968 

11 

Ground  Based  Radar 

Jun  1967  to  Apr  1970 

12 

Shipboard  Radar 

Sep  1965  to  May  1973 

13 

Computer 

Apr  1969  to  Oct  1969 

14 

Computer 

Jun  1968  to  Jun  1970 

15 

Computer 

Oct  1971  to  Jul  1974 

IG 

Shipboard  Radar 

Aug  1968  to  Aug  1969 

17 

Radar  Display  and 

Computer 

Jun  1971  to  Aug  1972 

18 

Ground  Based  Radar 

Mar  1973  to  Dec  1973 

^’Numbers  3,  6  and  10  were  eliminated  after  subsequent  analysis  showed 
them  to  be  unsuitable. 
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TABLE  2.  2 


System/Equipment  Description  -  Airborne 


System  /Equipment 
Number 

Description 

Period  of  Data  Collection 

20 

Laser  Range  Finder 

Sep  1971  to  Apr  1972 

21 

Laser  Bombing  System 

Feb  1969  to  Jun  1969 

22 

Visual  Scan  System 

Sep  1970  to  Nov  1970 

23 

Infrared  System 

May  1963  to  Jul  1963 

24 

Infrared  System 

Jan  1974  to  Feb  1975 

25 

Radar  System 

Jan  1972  to  Aug  1972 

2G 

Airborne  Computer 

Jul  1962  to  May  1968 

27 

Radar  System 

May  1972  to  May  1974 

2.3  Data  evaluation.  The  final  evaluation  of  the  data  was  based  upon  three 
criteria. 

2.3. 1  Time.  First,  was  the  time  period  long  enough  to  establish  some  histor¬ 
ical  growth  at  normal  operations?  More  than  just  a  few  short  hours  are  required. 

In  most  cases  a  continuous  history,  with  a  starting  time  at  zero,  was  maintained  for 
In-house  operations.  There  was  a  break  In  time  when  most  systems  went  Into  the  field. 
The  reason  for  this.  In  large  systems.  Is  the  modular  nature  of  construction.  Several 
systems  aixl  their  spares  would  be  sent  to  the  field  and  reassembled  In  a  different 
(from  the  original)  modular  serial  number  configuration.  Also,  there  would  frequently 
be  long  gaps  of  time  In  the  failure  reporting  or  none  at  all  from  the  field  operations. 

2.  3. 2  Failure  definition. 


2. 3. 2.1  Relevant  failure.  The  second  criterlem  is:  Was  the  failure  rclevent? 
Non- relevant  failures  were  secondary  failures,  human  caused  failures  and  failures  of 
known  bad  parts.  Sometimes,  after  installation,  parts  were  found  to  have  manufac¬ 
turing  defects,  to  be  below  standards  or  were  overstressed,  but  would  be  left  In  the 
system  and  replaced  upon  failure.  This  would  be  with  customer's  agreement.  Such 
failure  of  parts  after  this  determination  were  considered  non-relevant.  All  other  pri¬ 
mary  failures  were  accepted  as  relevant.  If  no  determination  could  be  made,  the  fail¬ 
ure  was  considered  relevant. 

2. 3. 2.2  Primary  failure.  Third,  was  the  failure  primary?  If  the  failure  was 
relevant,  caused  the  equipment  or  the  system  to  operate  in  an  unacceptable  manner 
and  was  not  caused  by  another  relevant  failure,  the  failure  was  primary.  Sometimes 
failures  would  be  caused  by  a  primary  failure;  such  failures  were  called  secondary 
and  were  not  recorded  as  a  failure.  If  It  could  not  be  determined  that  a  failure  was 
secondary,  the  failure  was  then  considered  primary.  Most  of  the  reports  used  In  this 
study  had  already  filtered  out  non-relevant  and  secondary  failures. 

2. 3. 3  Useful  data.  In  finding  and  selecting  the  useful  data  virlthln  these  reports, 
the  form  most  useful  was  the  table  or  graph  of  failures  versus  cumulative  time.  In 
some  cases,  the  failures  were  taken  from  a  table  or  graph  of  MTBF  versus  cumulative 
time.  In  most  cases,  many  tables  and  graphs  had  to  be  merged  to  give  a  useful  failure 
history. 

Each  equipment  category,  with  its  corresponding  failure  history  for  each  serial 
numbered  system  and/or  equlinnent,  was  called  a  data  set.  There  were  many  data 
sets  that  had  to  be  discarded  because  of  too  few  failures.  Even  though  the  equipment 
may  have  operated  thousands  of  hours,  the  data  sets  with  two  or  less  failures  were  re¬ 
jected.  A  reliability  growth  evaluation  is  meaningless  for  two  or  less  data  points.  A 
description  of  each  equipment  category  Is  given  in  table  2. 3. 

2.4  Construction  of  data  categories. 

After  evaluation,  the  data  was  recorded  In  tables  with  such  Information  as: 
system  name,  serial  number,  period  of  data  collection.  In-house  or  field  data,  descrip¬ 
tion  of  equipment  categories,  cumulative  failures  and  hours.  Table  2.4  Is  a  sample  of 
the  data  collected  on  a  system. 

2.4.1  Ground  and  airborne.  Ground  systems/equipments  are  those  electronic 
systems/equipments  (Radar  and  microwave  systems)  installed  at  a  fixed  site  or  those 
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TABLE  2.3 
Equipment  Categories 


Equipment 

Description 

1. 

Antenna 

Pedestal,  dish,  driver  gears,  motor, 
hydraulics 

2. 

Radar 

Receiver,  exciter,  signal  processor, 
transmitter,  power  supplies 

3. 

Mlcrow'ave 

Receiver,  exciter,  klystron,  trans- 

^  mltter,  power  supplies 

4. 

Display 

CRT,  data  input  console,  display 
controls,  power  supplies 

5. 

Computer 

Computer  circuits,  CPU,  memory, 
power  supplies 

6. 

Communication 

Radio  receiver,  teletype,  etc. 

7. 

System-Radar 

Complete  radar  system 

8. 

System-Microwave 

Complete  microwave  system 

9. 

System-Laser 

Complete  laser  system 

10. 

System-Infrared 

Complete  Infrared  system 

11. 

System-Visual  Scan 

Complete  system  for  night  time 
sighting 

12. 

Laser  Transmitter 

Laser  transmitter  and  optics,  control 
electronics,  power  supplies 

13. 

Laser  Receiver 

Photo  diode  detector  and  optics 

14. 

Laser  Xmtr/Rcvr 

Laser  transmitter  and  receiver, 
control  electronics,  power  supplies 

15. 

Infrared  Receiver 

IR  receiver  and  amplifier,  power 
supplies 

10 
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TABLE  2,4 


Sample  Page  of  Data 


SYSTEM:  MK-IB  (AN/MSC-46) 

DATA:  FIELD  (B) 

PERIOD:  AUG  19G6  -  AUG  1974 

TYPE  OF  TEST;  OPERATION  AV.  20  HRS/DAY 

EQUIPMENT  SUBSYSTEMS: 


ANTENNA 

MICROWAVE 

1. 

Servo 

1. 

Transmitter 

2. 

Drive 

2. 

Exciter 

3. 

Radome 

3. 

Receiver 

4. 

Antenna  40'  DIa. 

4. 

Heat  Exchanger 

5. 

Klystron 

6. 

Pwr.  Amp. 

7. 

Tracking 

8. 

Power 

COMMUNICATION 

1. 

Receiver 

2. 

Terminal  Equipment 

Ref;  Report  In  R/M  Data  Center  Files 
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TABLE  2.4 


Sample  Page  of  Data*  (Continued) 


LOCATION 

TDYR  -  TURKEY 

ANTENNA 

MICROWAVE 

COMMUNICATION 

,  SYSTEM 

CUMULATIVE 

DATE  OPER.  HOURS 

t  _ _ 

CUMULATIVE  FAILURES 

10/1/69 

1 

620 

3 

1220 

4 

i 

1840 

8 

$ 

3120 

3 

Si 

4340 

'  1 

13 

14 

4940 

£0 

I 

S3 

5560 

S 

S3 

£n 

6180 

13 

3 

39 

6780 

33 

33 

74  00 

3 

31 

5 

39 

8000 

39 

i  0 

48 

8620 

1 

iS  1 

1  T 

53 

9240 

OH 

9800 

51 

10420 

4 

53  ! 

1 

11020  ' 

IN 

1 

60 

11640 

219  ' 

1  ' 

73 

12240  ' 

ni  1 

74 

12860 

7 

OG  : 

9 

R] 

13480 1 

0 

70 

1 

88 

14080 

in 

HO  i 

LO 

ion 

14700 

11 

m 

lOT 

15300 

w 

til 

15920 

13 

93 

I 

lis 

16540 

14 

I 

118 

17120  . 

101 

125 

17740  i 

la 

104  1 

129 

18340 

m  1 

134 

18960  1 

no  1 

18a 

19560  1 

IH 

109 

20180  1 

no 

141 

8/31/72  20800 

lift 

143 

♦The  "gaps"  that  occur  in  the  cumulative  failures  are  due  to  the  failure  to , 
record  failures  continuously  in  time 


which  are  mobile  (truck  or  ship).  They  have  good  engineering  operation  and  mainte- 
nance,  and  adequate  cooling.  They  are  sometimes  subjected  to  high  levels  of  shock 
and/or  vibration.  Hughes  Aircraft  Company  at  Fullerton  is  the  Ground  Systems  Group 
where  most  of  the  ground  systems/equipments  were  built  and  tested.  These  tests  gen¬ 
erated  most  of  the  in-house  data  used  In  this  report.  Airborne  systems  are  those  elec¬ 
tronic  systems  (radar,  laser,  Hi  systems)  used  in  airplane  cockpits,  bomb-bays,  and/ 
or  tall  or  wing  installations.  The  airborne  environment  generally  has  extremes  of 
pressure,  tem^rature,  shock  and  vibration.  Hughes  Aircraft  Company  at  Culver  Cltv 
gafhered"*^  "  Aerospace  Group  from  which  the  airborne  systems  data  was 


,  Equipment  categories  were  established  for  logical  sub- 

dlvlslons  of  t^  more  complex  systems.  For  example,  displays,  radars,  computers, 
etc.  The  system  Itself  was  assigned  to  one  category.  This  gave  a  total  of  fifteen 
equipment  categories.  The  use  of  reference  designators  for  equipment  categories 
(simh  as  El,  E2,  etc. )  were  found  to  be  too  confusing  and  was  discontinued.  A  de¬ 
scription  of  each  equipment  category  is  given  In  table  2.3. 

^  .Iu~house  field.  The  in-house  data  came  from  good  documentation 

on  Hughes  buHt  systems  during  the  developmental  phase.  Whenever  the  system  was 
under  Hughes  control,  operated  and  repaired  by  Hughes  personnel,  the  system  was 
considered  to  be  in-house.  The  field  data  came  from  systems  under  customer  control 
In  some  cases  Hughes  representatives  would  make  field  failure  logs  for  a  period  of 
time  for  a  system  just  received  by  the  customer.  Most  field  data  was  taken  from  cus¬ 
tomer  reiwrts  to  Hughes  Aircraft  Co.  Such  reports  were  at  times  sketchy  as  to  the 
nature  of  the  failure,  but  were  taken  at  face  value.  In-house  data  was  eonsldered  more 
accurate,  but  field  data  generally  had  more  hours  of  operation. 

..  ,  gH^ltty  of  parts.  A  review  of  the  quality  of  parts  for  the  various  systems, 

the  type  quality  purchased,  their  in-house  testing  and  screening  was  made.  It  was 
found,  t^hat  regardless  of  whether  the  part  was  commercial  or  had  high  reliability  stand¬ 
ards,  the  average  of  all  parts  in  a  system  was  a  minimum  military  grade  This  was 
true  for  both  ground  and  airborne  systems  and  equipments.  The  commercial  parts 
came  mostly  from  purchased  assemblies  such  as  a  television  monitor  or  a  power 
supply.  The  high  reliability  parts  were  used  in  some  critical  areas  such  as  computer 
memory  circuits.  The  upgrading  of  the  part  quality  was  established  by  severe  burn-ln 
and  testing  of  units  or  long  hours  of  in-house  equipment  operation.  This  was  usually 
a  contractual  procedure  that  varied  from  contract  to  contract.  Therefore  a  one  grade 
level  of  part  quality  had  to  be  established  at  minimum  military  standard. 

,  ^  ®  Reliability  effort.  Most  current  contracts  call  for  a  reliability  program 

plan  to  Insure  a  system  with  an  acceptable  mean  time  between  failure  (MTBF)  To 
establish  some  concept  of  this  reliability  effort  between  different  systems,  the  money 
spent  by  a  project  on  reliability  was  divided  by  the  total  contract  money  to  derive  a 
reliability  effort  percentage. 


Reliability  $ 
Total  Coitract  $ 


X  100 


^  reliability  effort  were  established.  For  those  projects  where 

the  reliability  engineering  was  not  set  forth  separately,  and  the  money  spent  on  reU- 
ablllty  could  not  be  separated  from  the  other  costs,  a  low  (Rl)  reliability  effort  was 
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assumed.  A  medium  (R2)  reliability  effort  was  set  at  one  percent  or  less  but  greater 
than  zero.  Those  projects  which  spent  greater  than  one  percent  on  reliability  were 
called  high  (R3). 


R1  =  O.Ol;  Low 

0. 0^  <  R2  <  1.0%  Medium 

R3  >  1.0%  High 

There  arc  other  variables  which  can  affect  the  aggressiveness  of  the  reliability 
program,  e.  g. ,  the  ratio  of  digital  to  analog  parts;  extent  of  parts  standardization  and 
others.  Although  these  factors  have  not  been  quantified  in  this  study  we  can  say  that  they 
were  relatively  constant  for  our  data  base. 

2. 5  The  Data  Base 

2. 5. 1  Equipment  data  class.  The  equipment  data  class  is  the  group  of  data  sets 
for  a  particular  equipment  category,  ground  or  airborne  system,  in-house  or  field  and 
one  of  the  divisions  of  reliability  effort  (Rl,  R2,  R3).  As  an  example,  there  were  three 
data  sets  in  the  cqulpmoit  data  class  for  antennas,  ground  system,  in-house  and  reli¬ 
ability  effort  R3.  It  was  not  possible  to  find  data  for  all  the  equipment  data  elasses. 
Table  2. 5  shows  the  distribution  of  data  sets  in  the  equipment  data  elasses.  The  num¬ 
ber  of  prototypes  can  affect  the  growth  results  but  for  our  data,  most  of  the  in-house 
systems  were  developmental  models. 

2*5. 2  Data  set  distribution.  The  data  set  was  the  failure  history  for  eaeh  equip¬ 
ment  that  was  used  for  analysis.  The  number  of  data  sets  used  in  each  data  class 
(summed  over  system /equipment  categories)  is  given  in  table  2.6. 

2.5.3  Summary 

a.  Twenty  seven  systems  were  found  with  useful  data. 

b.  Fifteen  equipment  categories  were  established. 

c.  Number  of  data  sets:  186  data  sets  for  ground  systems/equlpments  and  84 
data  sets  for  airborne  system s/equiixnents. 

d.  Quality  of  parts  averaged  out  at  a  minimum  military  standard. 

e.  Reliability  effort:  low  (Rl),  medium  (R2)  and  hl^  (R3). 

f.  Data  sets  were  coded  and  put  into  computer  file  for  analysis.  See  table  2. 7 
for  sample  data  set. 


TABLE  2.5 


Equipment  Data  Class  Distribution 


^ound  Systems 


Equipment 

Categories 

In-House 

Field 

Total 

R1 

L 

R2 

R3 

R1 

R2 

R3 

intenna 

3 

21 

24~ 

Radar 

5 

8 

13 

Microwave 

1 

20 

21 

Display 

5 

7 

9 

23 

3 

47 

Computer 

5 

1 

8 

19 

3 

36 

Communication 

2 

12 

14 

Sj’stem -Radar 

2 

8 

10 

System-Microwave 

1 

L- 

20 

21 

Airborne  Systems 


Antenna 

5 

5 

Radar 

6 

6 

Display 

6 

6 

Computer 

5 

5 

10 

Laser  Transmitter 

2 

2 

4 

Laser  Receiver 

1 

2 

3 

Laser  Xmtr/Rcvr 

2 

2 

4 

Infrared  Receiver 

3 

1 

4 

System-Radar 

6 

6 

System- Laser 

2 

2 

4 

System-Infrared 

4 

26 

30 

System- Visual  Scan 

2 

2 

15 


TABLE  2.6 


Data  Set  Distribution 


Ground  Systems/Equipment  Total  -  186  Airborne  Systems/Equlpment  Total  =  84 


TABLE  2.7 


Sample  Data  Set  as  Coded  in  Computer  File 


Explanation  of  Data  Set  Code 


1 — System  Number  (4) 

\ 

\ 

\  t  System  Name 

\ 

4MI<-lB(AN/MSC-46) 


Data  Set  Number  (21) 
Equipment  Category 


El  =  Antenna 

\ — ^A  =  In-House  B  =  Field 

■Reliability  Effort 


21  El  B  R1  10690872  S/N  1 


System  Serial  No. 


X 


Period  of  Data  Collection 
10/69  throu^  8/72 


c. 


4MK-lB(AN/MSC-46) 


1 

4340 

2 

5560 

3 

74  00 

4 

10420 

5 

11640 

7 

12860 

9 

13480 

10 

14080 

11 

14700 

13 

15920 

14 

16540 

15 

17740 

16 

220201^ 

23240* 

^9 

31160 

20 

31720 

21 

32940 

22 

33560 

35400 

X 


DATA  SET 

21  El  B  R1  10690872  S/N  1 


- Cumulative  Hours 


-Number  of  Failures 


SECTION  3.0-  DESCRIPTION  OF  GROWTH  MODELS 
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In  this  section  we  will  give  a  description  and  derivation  of  the  mathematical 
models  used  to  fit  the  growth  data  in  this  study.  In  so  doing  it  is  hoped  some  light  will 
be  cast  on  the  physical  assumptions  about  the  growth  process  inherent  in  the  various 
mathematical  functions  used. 

3. 1  The  Duane  Model 

In  reference  (8)  J.  1.  Dunne  observed  that  the  logarithm  of  cumulative  MTBF 
was  a  linear  function  of  the  logarithm  of  time.  That  is,  (letting  Y(t)  denote  cumulative 
MTBF) 

In  Y(t)  =  a  +  b  In  t  ^3^  Ij 

This  model  is  extremely  popular  for  modeling  reliability  growth.  For  example, 
NAVAIR  has  a  series  of  reliability  test  program  specifications  (AR-104,  AR-111,  AR- 
112,  AR-113)  based  on  the  Duane  model. 

The  idea  is  to  estimate  the  parameters  (a,b)  and  monitor  reliability  growth  with 
equation  (3, 1).  The  method  of  estimation  commonly  recommended  Is  to  obtain  the  least 
squares  estimates  of  (a,b). 

Actually,  If  the  matter  had  ended  here,  it  would  be  an  unsatisfactory  situation: 
Just  another  empirically  derived  fit.  However,  Crow  (7)  and  Independently,  Flnkelsteln 
(10)  noticed  that  for  a  nonhomogenous  Poisson  process  with  Wclbull  Intensity  function 
the  expected  number  of  events  (failures)  in  time  t  is  given 

E(no,  of  events  In  t)  =  (t/K)^,  (3,2) 

Hence,  the  cumulative  MTBF,  Y(t),  by  definition  must  be 

Y(t)  =  t/E  (no.  of  events  In  t)  =K^t^”^ 
and  hence 

lnY(t)=  /?ln  K  +  (1-/3)  In  t.  (3.3) 

Setting  1-/3  =  b  and  /3  In  K  =  a  and  Inspecting  equation  (3. 1)  It  is  clear  that  the 
Duane  model  corresponds  to  a  nonhomogenous  Poisson  process  with  Welbull  intensity 
function  (the  intensity  function  is 


d  (E  (no,  of  events  in  t)l/dt  =  -2— - ). 

The  implications  of  the  foregoing  are  most  Important.  First,  the  time  to  occur¬ 
rence  of  events  (failures)  are  not  independent.  Identically  distributed  random  variables. 
Indeed  only  the  first  time  to  failure  has  a  Weibull  distribution.  Second,  inspecting 
equation  (3. 1)  indicates  growth  only  occurs  when  b  >  0.  This  means  1-0  >  0*0  <  1. 


i 


li 
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Thus,  Krowib  Is  observed  only  If  the  Wcibull  shape  parameter  is  less  than  one. 

Finally,  the  implications  on  estimation  of  K  and  p  are  importiint.  The  least  squares 
method  is  no  longer  needed,  being  inefficient,  since  the  miLximum  likelihood  estimates 
are  arailable  and  are 


(3.4) 


n  =  total  number  of  failures  observed 

t^  if  the  lest  is  stopped  at  the  last  failure 

!♦  = 

t  if  the  test  is  stopped  at  time  t  >t^. 

Exact  confidence  bounds  for/3  are  easily  obtained  since  2n  ifl/p)  Is  distributed  as 
(chi-square)  with  2(n*-l)  degrees  ot  freedom  where  n*  =  n  if  t*  =  t_  and  n*  =  nf  1  if 
t*  =  t  >  t,^.  It  also  turns  out  that  (IvK)P  is  distributed  independently  ot  p  and  K  and 
exact  conOdence  bounds  on  K  canbe  prepared  using  Table  1  of  ref  1 11),  The  prepara¬ 
tion  of  confidence  bounds  on  p  is  extremely  important  since  even  if  the  observed  data 
yield  p  >  1  the  goodness  of  fit  of  a  Duane  model  cannot  be  rejected  if  the  lower  con¬ 
fidence  bound,  say  ,  on  /3  is  less  than  one  l.e, ,  if  Pl  <  1  the  hypothesis  that  there  is 
growth  (/3  <  1)  cannot  be  rejected. 

Since  the  time  to  first  failure  is  Welbull  with  mean  Kr(l/p  +  1),  where  r(u)  is 
the  usual  gamma  function  evaluated  at  u,  an  estimate  of  the  initial  MTBF  is  given  by 

Kr(l/^+l)..  (3.5) 

Equation  (3,5)  will  be  extremely  important  to  us  when  we  are  estimating  reli¬ 
ability  gain,  A  discussion  of  nonhomogenous  Poisson  processes  can  be  found  In 
Parzen (14), 

An  important  quantity  In  the  Duane  model  is  the  instantaneous  MTBF  which  is 
taken  as  the  reciprocal  of  the  intensity  at  time  t  1.  c, , 


instantaneous  MTBF  = 


dE  (no.  of  events  in  t) 

at 


The  maximum  likelihood  estimate  of  this  quantity  is  given  by 


(3.7) 


This  instantaneous  MTBF  can  be  estimated  for  any  future  time,  tj,  by  applying 
equation  (3.7).  Also,  and  very  Important,  Crow  |7)  gives  a  method,  with  tables,  for 
preparing  confidence  bounds  on  the  instantaneous  MTBF  at  the  time  of  the  last  of  ob- 
serv’ed  failure  tj^.  The  limiting  MTBF  of  the  IXianc  model  is  the  instantaneous  MTBF, 
at  the  time  equipment  Improvement  is  stopped. 

3.2  The  ]BM  ModeJ^ 

This  model  is  based  on  an  approach  quite  different  from  the  nonhomogenous 
Poisson  process  approach  of  the  previous  section.  It  is  based  on  the  solution  to  a  dif¬ 
ferential  equation.  The  IBM  model  assumes,  explicitly,  that:  1)  there  are  random 
(constant  failure  rate)  failures  occurring  at  rate  X,  and  2)  there  are  a  fixed  but  unknown, 
number  of  j^oiw^andom  design,  manufacturing  and  workmanship  defects  present  in  the 
system  at  the  beginning  of  testing.  Let  N(t)  be  the  number  of  non-random  type  defects 
remaining  at  time  t  ^  0.  This  model  makes  the  Intuitively  plausible  assumption  that  the 
rate  of  change  of  N(t)  with  respect  to  time  is  proportional  to  the  number  of  non-random 
defects  remaining  at  t.  That  is, 

d  N(t)/dt  =  -Kg  N(t)  (3.8) 

Equation  (3, 8)  implies  that 

In  N(t)  =  -Kgt  +  c 

and  hence 


-K„t  +c 

N(t)  =  e 

Now  if  we  denote  the  unknown  number  of  non- random  failures  present  at  t  =  0  by  Kj 
then 

N(0)  =  Kj  = 
and  finally 

N(t)=Kje  ^  t>0,  Kj,  K2>0.  (3.9) 

Defining  V(t)  to  be  the  expected  cumulative  number  of  failures  up  to  time  t  then 
V(t)  =  Xt+  -  N(t) 


v) 
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Xt  +  Kj  -Kj  c 


=  Xt+  Kj  (1-e  ^  ). 


(3.10) 


Thus  the  exixjcted  cumulative  number  of  failures  by  time  t  is  the  expected  number 
of  random  failures  by  time  t  plus  the  expected  number  of  non-random  failures  removed 
by  time  t.  It  should  be  noted  that  V(0)  =  0  as  expected.  Moreover 

11m  V(t)  -  Xt,  as  expected. 

t  —  <» 

Because  of  the  non-linearity  of  the  model  (3. 10)  the  estimation  of  X,  Kj  and  K2 
must  be  accomplished  by  iterative  means  and  this  is  discussed  in  Section  8.3. 

There  are  some  extremely  nice  features  of  this  model.  In  addition  to  being 
"plausible"  the  most  interesting  feature  is  the  ability  of  the  model  to  predict  the  time 
when  the  system/cqulpment  is  "q"  fraction  debugged  (l.e. ,  q  fraction  of  the  original 
Kj  non-random  failures  have  been  removed,  0  <  q  -  1).  The  number  of  non-random 
defects  removed  by  time  t  is  clearly 


N(0)  -  N(t)  =  Kj  -  ICjC  ^ 

and  hence  the  fraction  (of  Kj  initial  non- random  defects)  removed  by  time  t  is 


Ki  -  K^e 


(3.11) 


Thus  having  estimated  K2,  say  ic2,  we  can  find  the  time  at  which  q=0.95  of  the 
nonrandom  defects  have  been  removed  by  solving  (3. 11)  for  to.  95.  That  is. 


-In  0. 05 


In  general,  for  arbitrary  q,  0  <  q  <  1  the  time  by  which  the  system/equipment  is 
q  fraction  debugged  is 


t  =  (1-q) 


(3.12) 


Equation  (3.12)  is  a  powerful  tool  because  it  can  be  used  to  help  determine  the 
length  of  development  testing. 


.  r  t  ,i  , 


«  * 


Another  Important  feature  of  the  IBM  model  Is  that  the  number  of  no  i-random 

A 

failures  rcmalnins  at  time  I  can  be  estimated  and  of  course  is  Kj  e  ^  ,  Finally,  the 
estimate  of  A,  say  %  gives  the  estimate  of  the  long-run  achievable  MTBF. 

It  is  well  to  note  that  this  model  could  never  have  been  "discovered"  by  empirical 
means  since  the  least  squares  solutions  are  not  available  in  closed  form  and  hence  this 
model  would  never  have  been  tried  against  a  given  set  of  data. 

More  details  on  this  model  can  be  found  in  ref  (17]. 

3.3  The  Exponential-Single  Term  Powei^Serics  Model 

In  this  section  and  in  Sections  3.4,  3.5  and  3.6  the  symbol  Y(t)  will  be  used  to 
denote  cumulative  mean  time  between  failures  rmd  the  real  variable  t,  ns  usual,  rep¬ 
resents  time.  We  continue  to  use  the  differential  equation  approach  to  developing  the 
growth  model. 

Suppose  that  K  is  used  to  denote  the  limiting  value  of  Y(t)  l.e. , 
lim  Y(t)  *  K 

t  —  00 

and  suppose  the  rate  of  growth  dY(t)/dt  is  Jointly  proportional  to  the  remaining  growth 
(namely  K-Y(t))  and  some  growth  function  g(t).  Thus 

dY(t)/dt  =  IK-Y(t)l  g(t).  (3. 13) 

Taking  g(t),  the  growth  function,  to  be  a  constant,  say  K2  >  0,  then  the  solution 
to  the  differential  equation  (3. 13)  is  easily  seen  to  be 


! 


-K„t 

Y(t)  =  K  (1  -Kje  ^  ),  t  > 


0. 


(3. 14) 


Here  Kj  >  0  is  an  Intercept  parameter  arising  as  a  constant  of  integration. 


The  growth  rate  (l.e,,  dY(t)/dt)  is  largest  at  t  =  0  and  is  monotonically  decreas¬ 
ing  in  t  so  that 

lim(dY(t)/dtl  =  0. 

t  —  00 

It  is  entirely  plausible  that  the  growth  rate  Is  largest  at  t  =  0  and  decreases  to  0 
as  t  —  This  model  is  also  extremely  flexible  because  it  has  three  parameters 

K:  The  limit  of  cumulative  MTBF, 

Kj:  When  t  =  0,  Y(0)  =  K  (1-Kj),  Thus  K  (1-K.)  may  be  thought  of  as  the 

initial  MTBF  of  the  system/equipment  when  0  <  K.  <  1.  K,  may  also  be 
thought  of  as  the  growth  potential.  ^  ^ 
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^  ^ 


The  growth  function;  constant  in  this  case. 


The  disadvantage  of  this  model  is  clear  enough.  Like  the  IBM  model  it  has  three 
parameters  and  is  non-linear  in  t;  nor  can  it  be  transformed  to  a  linear  function  oft. 
Thus  the  least  squares  estimates  of  K,  Kj,  and  K2  must  be  obtained  by  iterative  pro¬ 
cedures.  This  procedure  is  discussed  in  Section  8.3.  More  details  on  this  model 
can  be  found  in  ref  (15]. 


3,4  The  Lloyd- Lljgow  Model 

This  model  is  also  obtained  as  the  solution  to  a  differential  equation,  where  the 
equation  Involved  results  in  a  property  not  possessed  by  any  of  the  other  models  treated 
in  this  report.  Suppose  that  the  growth  rate  is  inversely  proportional  to  the  square  of 
the  growth  factor  t,  l.e. , 

dY(t)/dt=  Kg/t^,  K2  >  0.  (3. 15) 

Then  clearly, 

Yftl^K-Kg/t.  (3.1G) 

Here  K  is  a  constant  of  integration  but  it  should  be  noticed  that 
lim  Y(t)  »  K 

t  —  « 

and  thus  K  is  the  limiting  value  of  cumulative  MTBF, 

The  parameter  K2  is  a  growth  rate  parameter  which  also  affects  the  location  of 
the  curve.  Since  Y(t)  cannot  be  negative  and 

llinY(t)  =  -« 
t—  0 

we  must  define 

Y(t)  =0,  0  s  t  <  Kg/K 

This  definition  provides  a  time  period  (0,  K2/K)  when  the  cumulative  MTBF  is  0 
(l.e,,  a  period  of  no  growth)  which  may  be  realistic  for  certain  systems/equipments. 

By  making  the  change  of  variable  t'=  1/t  we  see  that 


and  thus  Y(t')  is  linear  in  t’  with  slope  K2  and  intercept  K  which  means  the  parameters 
K  and  K2  can  be  easily  estimated  by  the  usual  least  squares  methods.  This  model  is 
discussed  further  in  ref  113). 


3. 5  The  Aroef  Model 

In  this  case  we  assume  that  the  growth  rate  is  Jointly  proportional  to  the  growth 
achieved  at  t,  i.e. ,  Y(t),  a  constant  multiplier  (growth  rate  parameter)  K2  and  in¬ 
versely  proportional  to  t2.  That  is, 

dY(t)/dt  =  Kg  Y(t)/t^  (3.17) 

This  differential  equation  has  the  solution 
-K„/t 

Y(t)=Ke  .  (3.18) 

Since  11m  Y(t)  =  K  the  reliability  growth  limit  in  cumulative  MTBF  is  K.  Also 
t  — «> 


lim  Y(t)  =  0. 
t  —  0 

Since 

In  Y(t)  =  In  K  -  Kg/t, 

letting 

t'  =  1/t, 

In  Y(t’)  =  In  K  -  Kg  t'  (3.19) 

and  usual  linear  least  squares  methods  can  be  used  to  estimate  the  constants  K  and  K„. 
3.6  The  Simple  Exponential  Model 


The  last  model  we  consider  In  this  study  is  the  simple  exponential  model 

Kgt 

Y(t)  =  Ke  ^  K,  Kg  >0.  (3.20) 

While  Y(t)  can  be  obtained  as  the  solution  to  a  certain  differential  equation  it  is 
not  a  plausible  model.  The  limit  (as  t  — «)  of  Y(t)  is  infinite.  Also  Y(0)  K  which  is 
the  "initial"  cumulative  MTBF.  Since  In  Y(t)  =  In  K  +  K2t  then  the  linear  least  squares 
method  can  be  used  to  fit  the  constants. 

We  have  included  this  model  as  a  more  or  less  check  on  the  data  and  the  other 
models:  if  this  model  fits  well  and  often  then  it  may  be  that  either  the  growth  process 
is  quite  complex  or  the  other  models  tried  are  not  very  good. 
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3.  7  Criteria  for  the  Goodness  of  Fit  of  the  Models 

There  are  any  number  of  mathematical  functions  which  can  be  used  to  describe 
reliability  growth.  One  ai^roach  to  fitting  growth  cuives  is  to  select  a  very  large 
number  of  mathematical  functions  and  select  the  one  that  fits  best.  This  approach  is 
grossly  unsatisfactory-  and  not  just  because  the  criterion  (or  criteria!  of  "best"  may  be 
somewhat  arbitrary.  The  problem  is  that,  for  any  data  set,  an  arbitrarily  good  fit  can 
be  obtained  by  selecting  a  mathematical  function  with  enough  parameters.  Thus,  no 
matter  how  "misbehaved"  a  given  data  set  may  be,a  mathematical  function  can  be  found 
which  will  fit  it.  In  essence  this  amounts  to  basing  all  decisions  solely  in  the  data  and 
ignoring  any  other  physical/engineering  Information,  Moreover,  the  problem  of  in¬ 
terpreting  the  physical  meaning  of  more  than  three  parameters  is  very  difficult.  In 
this  study  we  have  limited  all  models  to  at  most  three  parameters. 

The  Duane  model  parameter  estimates  were  obtained  by  maximum  likelihood 
methods  because  they  are  superior  to  the  least  squares  estimates.  For  all  other 
models  the  least  squares  estimates  (obtained,  in  some  cases,  by  suitable  linearization) 
were  used.  It  is  important  to  note  that  the  usual  quantities  for  judging  goodness  of  fit 
one  hears  about:  coefficient  of  multiple  determination,  F  tests,  t  tests  for  the  model 
coefficients  etc.  are  not  applicable  since  the  assumption  that  the  data  are  multivariate 
normally  distributed  has  no  basis  in  fact. 

Thus  we  have  selected  what  we  feel  are  two  measures  of  the  goodness  of  model 
fit.  First,  we  compute 


n 


R  = 


|Y(tp-^(t 


Y  (t.) 


/njlOO, 


(3.21) 


In  equation  (3,21)  Y(ti)  is  the  observed  cumulative  MTBF  at  time  tj,  ^(tj)  is  the 
calculated  (from  the  fitted  model)  cumulative  MTBF  at  time  tj,  and  n  is  the  number 
of  failures  in  the  data  set.  Thus  i  =  1,  2,  ... ,  n.  Of  course  a  value  of  R  =  0  would  be 
ideal  but  generally  this  is  impossible.  Certainly,  a  good  fit  would  be  expected  to  have 
R  ^  about  25%.  b  words,  H  is  the  average  absolute  percentage  error  in  the  pre¬ 
dicted  versus  the  obsei-ved  values. 


The  second  measure  of  godness  of  fit  is  defined  in  terms  of  relative  variability 


R.E. 


where 


(3.22) 
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®Y(t 

1  ll 

Y(tj)  =  observed  cumulative  MTBF  at  tj 

A 

Y(tj)  =  calculated  cumulative  MTBF  at  tj 
n 

1=1 

Thus,  in  equation  (3.22)  the  denominator  is  the  sample  variance  of  the  ob- 
•.  served  cumulative  MTBF's  and  the  numerator  is  the  squared  residual  error.  The 
Ideal  situation  would  be  R.  E.  =  0  l.e.,  there  is  no  residual  error.  This  is  generally 
Impossible  but  small  values  of  R.E.  indicate  good  fits. 

For  one  particular  given  data  set  if  a  particular  model  has  the  lowest  R.E, 

of  all  the  models  then  that  model  is  the  best  fit. 
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SECTION  4.0-  DATA  ANALYSES 


4. 1  Estimation  of  Model  Parameters 


In  this  section  we  discuss  the  data  analyses  from  the  standpoint  of  the  parameter 
estimates  for  each  model  and  give  an  example  of  the  use  of  each  model.  Comparisons 
between  models  and  between  factors  of  the  data  classes  and  general  conclusions  are 
given  In  Sections  5.  0  and  6.0.  The  analysis  of  reliability  gain  is  also  presented  in  Sec¬ 
tion  5.  0. 

As  previously  mentioned  there  were  a  total  of  270  data  sets;  186  for  ground  based 
systems/equipment  and  84  for  airborne  systems/equipment.  This  is  less  than  the  total 
amount  of  data  collected  since  data  sets  with  less  than  three  failures  were  not  used. 
Each  of  the  six  models  was  fitted  to  the  270  data  sets.  That  is,  the  parameters  of  the 
models  were  estimated  by  the  techniques  discussed  in  Section  8.  0.  The  results  of  the 
parameter  estimation  are  given  in  Tables  4.3  and  4.4.  However,  Table  4. 1  should  be 
used  in  conjunction  with  Tables  4.3  and  4.4.  Table  4.1  gives  the  explicit  form  of  the 
models  and  the  notation  necessary  to  use  the  results  given  in  Tables  4.3  and  4.4.  In 
order  to  keep  some  degree  of  order  In  the  computer  routines  the  "parameter"  estimates 
were  designated  simply  PI,  P2,  P3  and  P4.  In  addition  to  the  parameter  estimates 
Tables  4.3  and  4.4  give  the  system  number  (decoded  in  Table  2.  l)j(_number  of  failures, 
total  hours  of  observation,  and  the  two  measures  of  goodness  of  fit  R  and  R.E.  (which 
are  defined  in  Section  3.7). 


4. 1. 1  Results  for  the  Duane  Model.  The  parameter  0  is  the  growth  param¬ 
eter.  That  is,  in  tlie  Duane  plot  of  In  cumulative  MTBF  versus  In  timejl  -  /3  ls,the 
slope  (see  Section  3. 1  for  more  details).  Since  growth  only  occurs  when  1  -  /3  >  0 
the  IXiane  model  cannot  be  described  as  a  good  fit  unless  ^  <  1.  Of  course  we  only 
have  an  estimate  of  /5,  namely^  (PI  is  computer  notation)  and  ^  is  subject  to  sampling 
error.  This  explains  the  "parameter"  of  (P3)  given  in  Tables  4. 3  and  4. 4. 
the  lower  0.90  confidence  limit  for  p  based  on  the  particular  data  set  under  discussion, 
nils  lower  confidence  limit  is  extremely  Important  because  ?  >  1  does  not  prove  $>  1 
due  to  the  sampling  error  involved  In  p.  By  using  in  a  simple  way  we  can  test  a 
hypothesis  about  P:  if  <  1  then  It  could  easily  be  that  |3  <  1  even  though  ^  >  1.  On  the 
other  hand  if  >  1  then  clearly  (I.e. ,  with  at  least  0.90  confidence)/?  >  1  and  the 
Duane  model  projects  "negative"  growth.  In  this  latter  case  (Pt^>  1  hence  P  >  1) 
we  have  not  proved  that  the  Duane  model  (which,  as  mentioned  in  Section  3.1,  cor- 
resjionds  to  a  nonhomogenous  Poisson  process  with  Weibull  intensity  function) 
doesn't  fit.  It  may  be  that  the  model  doesn't  fit;  It  may  also  be  that  there  indeed 
was  no  growth  present  in  the  data.  To  handle  this  latter  problem  we  calculated 
the  quantity  C*  (P4).  This  is  a  goodness  of  fit  statistic  given  in  Crow  In  [7].  The 
table  of  critical  values  for  is  reproduced  in  Table  4.2  for  varying  levels  of 
significance. 

In  inspecting  Table  4.3  for  the  Duane  model  results  it  can  be  seen  that  p  is,  in 
the  large  majority  of  cases,  less  than  one,  i.e. ,  growth  is  positive.  Moreover, 
Inspecting  the  lower  confidence  limit  Pl  (P3),  it  is  greater  than  one  only  twelve  (12) 
times  and  In  only  one  case  (computer,  in-house,  Rl,  data  set  No.  3)  was  the 
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TABLE  4.1 


Notation  Used  in  Computer  Program 


Computer  Symbol 

Model 

PI 

P2 

P3 

P4 

B  1-B 

Y(t)  =  t^ 

A 

K 

Pl 

C  ^ 

IBM  -K„t 

V(t)  =  \t  +  (1  -  e  ) 

A 

\ 

A 

A 

«2 

Exponential  -K-t 

A 

K 

A 

A 

Ko 

Y(t)  =  K  (1  -  KjC  ^  ) 

2 

Lloyd-  Lipow 

A 

K 

A 

Ko 

Y(t)  =  K  -  K2/t 

j 

2 

Aroef  "KgA 

A 

K 

A 

Ko 

Y(t)  =  K  e 

2 

Simple  Exponential 

A 

A 

K 

Ko 

Y(t)  =  K  e  K2t 

2 

value  significant  at  less  than  the  0.010  level.  Here  Cm  -  0.384,  which  is  significant 
i.e. ,  the  Duane  model  does  not  fit  at  the  a<  0.01  level.  All  this  is  not  to  say  that 
the  Duane  model  is  always  a  perfect  fit  for  ground  based  gear  for  after  all  p,  Bt  and 
C]^  are  measures  of  whether  the  Duane  model  fits.  The  Measures  R  and  R.E.  esti¬ 
mate  how  well  the  model  fits.  Inspecting  these  columns  in  Table  4.3  shows  that  the 
Duane  model  is  quite  good  with  respect  tol,  ive. ,  In  about  one-half  the  cases  ^  s25%. 
It  is  also  relatively  good  with  respect  to  R.E.  Actually,  for  the  large  number  of  data 
sets  involved  the  Duane  model  performs  very  well  and  this,  in  part,  explains  why  the 
Duane  model  is  so  popular. 

For  the  airborne  data  (Table  4.4)  none  of  the  data  sets  fail  the  Pt  >  1  and  C  ^ 
significance  test.  •  ^  M 

However,  there  are  easily  identifiable  cases  where  the  Duane  model  does  not 
do  well.  First,  consider  the  Infrarei(I.R.)  systems.  In-house  three  of  the  four  S's 
exceed  one;  moreover  all  four  of  the  R's  exceed  30%  although  RE  is  not  bad.  Of  the 
twenty-six  field  I.R.'  s  nine  p's  exceeded  one.  Moreover,  the  R's  are  uniformly  large; 
the  smallest  being  in  excess  of  30%.  Similarly  the  Duane  model  is  a  mediocre  to 
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TABLE  4.2 


Critical  Values  of  C?, 
M 


n-1 

0.20 

0.15 

Level  of  Significance 

0.10 

0.05 

0.01 

2 

0.138 

0.149 

0.162 

0.175 

0.186 

3 

0.121 

0.135 

0.154 

0.184 

0.231 

4 

0.121 

0.136 

0.155 

0.191 

0.279 

5 

0.121 

0.137 

0.160 

0.199 

0.295 

6 

0.123 

0.139 

0.162 

0.204 

0.307 

7 

0.124 

0.140 

0.165 

0.208 

0.316 

8 

0.124 

0.141 

0.165 

0.210 

0.319 

9 

0.125 

0.142 

0.167 

0.212 

0.323 

10 

0.125 

0.142 

0.167 

0.212 

0.324 

15 

0.126 

0.144 

0.169 

0.215 

0.327 

20 

0.128 

0.146 

0.172 

0.217 

0.333 

30 

0.128 

0.146 

0.172 

0.218 

0.333 

60 

0.128 

0.147 

0.173 

0.220 

0.333 

100 

0.129 

0.147 

0.173 

0.220 

0.336 

29 


poor  description  for  all  laser  systems  and  also  the  I.R,  receiver.  On  the  other 
hand  the  Duane  model  performs  excellently  for  all  radar  data. 

More  detailed  comparisons  and  conclusions  are  given  in  Section  5.0.  We  close 
this  section  with  an  example. 

Example:  As  an  example  consider  data  set  number  1,  Ground  Based,  Computer, 
Eield,  Rl.  The  R  and  R.E.  are  verjrlow  (12.15%  ^d  0.094  respectively).  The 
maximum  likelihood  estimates  were  K  =  56. 92  and  p  -  0. 6644.  Thus  1-p  =  growth 
rate  =  0.3356.  The  calculated  cumulative  MTBF,  i.e.,  Y(t),  is  given  by 

Y(t)  =  (56.92)®'®^^  ^0.3356 

and  is  plotted  in  Figure  4.1a  as  a  function  of  time  along  with  the  observed  cumulative 
MTBF.  Figure  4.1b  gives  the  same  graph  in  terms  of  In  Y(t>.  It  should  be  noticed 
that  neither  of  the  graphs  appears  to  be  a  least  squares  fit.  This  is  because  p  and  A 
are  not  the  least  squares  estimates  but  the  more  efficient  maximum  likelihood  esti¬ 
mates.  A  commonly  occurring  phenomenon  is  also  visible  in  this  data  set-  the  "peak" 
(at  the  second  and  third  failures)  and  the  "valley"  (at  the  fourth  value).  Had  K  and  6 
been  estimated  as  the  first  few  failures  became  available  undoubtedly  1  ("negative" 
growth)  would  have  been  experienced.  Early  failure  data  must  be  carefully  screened 
to  determine  that  the  actual  failure  times  are  indeed  recorded  and  that  the  system  is 
operating  and  being  monitored  correctly. 

4,1,2  Results  for  the  IBM  model.  This  model  and  all  the  subsequent  models 
have  not  been  studied  as  Intensely  as  the  Duane  model  in  the  literature.  Hence  the 
measures  of  whether  and  how  well  the  model  fits  have  been  combined  Into  the  and 
R.E.  quantities. 

The  IBM  model  shows  some  remarkable  results.  It  is  clearly  not  very  good 
(In  fact  bad)  for  ground  based  radars  (in-house  and  field)  and  microwave  systems/ 
equipment  (in-house  and  field).  However,  with  very  minor  isolated  exceptions  the 
IBM  model  fits  excellently  for  communications  (in-house  and  field)  systems/ 
equipment,  quite  well  for  displays  and  moderately  well  for  computers  and  antennas. 

For  the  airborne  based  systems/equipment  the  performance  of  the  IBM  model 
would  be  bad  to  mediocre  except  for  radars  for  which  the  performance  is  good. 

The  following  example,  chosen  to  be  a  good  fit,  illustrates  the  power  of  the 
IBM  to  give  information  about  the  growth  process. 

Example;  Data  set  No.  4,  Airborne,  Antenna,  In-house,  R2. 

It  will  be  recalled  that  in  the  IBM  model  the  dependent  variable  was  V(t)  =  the 
expected  number  of  failures  in  time  t;  specifically 

V(t)  =  Xt  +  Kj(l -e  ^). 
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In  Figure  4.2  we  have  graphed  calculated  cumulative  MTBF  (namely  t/V(t)) 
along  with  the  observed  cumulative  MTBF.  Of  course 

A  A  ^ 

V(t)  =  Xt  +  1^(1  -  c 

For  this  data  set  ^  =  0.01037,  =  11.17  and  (^2  =  0.007259.  R  and  R.E.  were 

very  low  (4.23%  and  0.011  respectively).  We  can  see  the  utility  of  the  model  as 
follows.  First  we  should  note  that  the  total  test  time  was  1,000  hrs  and  21  failures 
were  observed.  Now  X  is  an  estimate  of  the  constant  (random)  failure  rate  and  hence 
the  MTBF  for  purely  random  failures  is  about  (0.01037)"!-  100  hrs.  Thus  in  1,000  hrs 
we  should  see  about  10  random  failures.  The  term  =  11.17  is  an  estimate  of  the 
number  of  non-random  failures  In  the  antenna  at  the  beginning  of  testing.  Thus, 
roughly,  if  all  the  non-random  failures  have  been  removed,  we  have:  10  (random)  + 

11  (non- random)  =  21,  the  number  of  failures  observed. 

We  can  check  this  reasoning  easily.  Let  us  calculate  the  fraction  of  non- random 
failures  removed  by  t  =  1,000  hrs  (the  total  test  time).  We  must  use  equation  (3. 12) 
of  Section  3. 2.  Since 

t  -  -In  (!-q) 


we  can  solve  for  q  as  follows: 


-In  (l-q)  =  l<2t^=*>  q  =  l  -  e 


Thus, 


e“7‘259  ,,  0.9993. 


The  estimate  of  the  fraction  of  the  non- random  failures  removed  by  time 
t  -  1,000  hr  is  then  0.9993.  If  we  had  been  content  to  stop  testing  when  0.90  of  the 
non-random  failures  were  removed  we  would  have  stopped  at: 


_  -In  (0.10)  _  - 


^  317  hr. 


Thus  the  reliability  program  "debugged"  the  antenna  quite  nicely. 

4.1.3  Results  for  the  exponential-single  term  power  series.  This  model  is 
called  simply  the  exponential  model  in  the  computer  printouts  i.e.,  Tables  4.3  and 
4.4. 
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The  results  for  this  model  on  the  ground  based  data  indicate  that  it  does  well 
enough  on  displays  and  microwave  systems/equipment  and  from  mediocre  to  poor 
on  the  balance  of  the  systems/equipments. 

The  results  for  the  airborne  data  are  quite  different.  The  exponential-single 
term  power  series  model  is  an  excellent  fit  for  virtually  all  airborne  data  with  R's 
below  10%  and  between  10  and  20%  not  only  common  but  occurring  the  majority  of 
the  time.  The  following  example  illustrates  the  use  and  interpretation  of  the  model. 

Example:  Data  set  No.  4,  Airborne,  Antenna,  In-house,  R2.  Again,  by  choice, 
the  fit  is  very  good  and  the  model  is  given  by 


Cumulative  MTBF  =  Y(t)  =  K  (1  - 


hence  the  fitted  curve  is 


^(t)  =  K  (1  -  e  ^2*) 


where 


K  =  193.1,  »  0.9409  and  =  0.000219. 

^(t)  is  graphed  in  Figure  4.3  along  with  the  observed  values.  As  mentioned  in 
Section  3.3  the  parameter  K  represents  the  limiting  (t-*ti)  cumulative  MTBF  which 
in  this  case  is  estimated  to  be  193.1  hr.  Also,  the  initial  MTBF  is  about  a  -  Ki  1 
=  193.1  (0.06)  =  11.59.  ' 

4.1.4  Results  for  the  Lloyd- Lipow  model.  Since  (see  Section  3.4)  K  is  the 
llmitlM  value  of  MTBF  only  positive  values  of  K  (PI)  make  sense  no  matter  how 
small  H  and/or  R.  E.  may  be.  For  the  ground  based  data  this  (negative  k)  occurred 
only  eight  times.  There  are  no  obvious  patterns  for  the  ground  based  data  and  this 
model  seems  to  fit  mediocre  to  good  for  most  of  the  systems/equipments.  For  the 
airborne  data  this  model  behaves  about  the  same  as  the  ground  data  except  it  definitely 
does  not  fit  laser  data  well  at  all. 

The  following  example,  chosen  from  the  good  fits  illustrates  the  interpretation 
of  this  model. 

Example:  Data  set  No.  5,  Ground,  Antenna,  Field,  Rl. 

This  model  is 


Cumulative  MTBF  =  Y(t)  =  K  -  K„/t 
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jtnd  hence 


Y(t)  =  K-  ^2/1. 

.  For  this  data  set  "R  =  5.382'Jt  and  R.E,  =  0. 038  which  Indicates  a  very  good  fit., 

K  =  183.9  which  is  an  estimate  of  the  limiting  MTBF.  (<2/^  =  2993/183.9  ^  16  hrs. 
is  an  estimate  of  the  right  end  point  (the  left  end  point  is  zero)  of  the  interval  of  time 
over  which  no  testing  took  place.  Mathematically  this  is  expressed  by  Y(t)  =  0.  The 
graph  of  the  estimated  function  along  with  the  observed  values  is  given  in  Figure  4.4. 

4.1.5  Results  for  the  Aroef  model.  With  respect  to  ground  systems/equipments 
the  Aroef  model  appears  to  fit,  moderately  well,  all  various  data  classes.  For  the 
airborne  data  the  situation  is  much  the  same,  perhaps  even  better  although  the  model 
does  not  behave  well  for  some  laser  equipments. 

The  following  example  was,  as  usual,  chosen  Intentionally  because  it  is  a 
reasonably  good  fit. 

Example:  Data  set  No.  5,  Ground,  Radar,  In-house,  R3. 

As  indicated  in  Section  3.5  the  Aroef  model  is 


-K„/t 

Cumulative  MTBF  =  Y(t)  =  K  e 


and  hence  the  estimated  model  is 


For  t^ls  data  set  k  =  491  (the  limiting  cumulative  MTBF)  and  the  growth  rate 
parameter  K2  ~  182. 1,  For  this  data  K  =  491  may  be  a  little  low  having  been 
"pulled  down  '  by  the  last  point  (as  can  be  seen  in  Figure  4. 5).  The  fit  is  very  good 
however  since  R  =  7. 842  and  R.  E.  =  0.223  are  low. 

4.1.6  Results  for  the  simple  exponential  model.  This  model  was  used 
arbitrarily  to  see  if  even  models  not  physically  correct  (but  with  the  appropriate 
mathematical  properties)  might  fit  the  various  data  sets.  The  model  is 


Cumulative  MTBF  =  Y(t)  =  K  e  K  >  0 
and  hence  the  fitted  curve  is 
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thousands  of  hours) 


Since 


Itm  Y(t)  =  00  if  K  >  0 

t—CO  ^ 


and 


lim  Y(t)  =  0  if  K„  <  0 

t—CO  ^ 


the  model  is  nonsense  physically  because  a  cumulative  MTBF  of  either  zero  or 
infinity  is  absurd;  however  Y(t)  is  monotone  inci easing  in  t  and  it  is  entirely  possible 
for  relatively  short  times  (relative  to  t-*“»)  the  model  mi^t  fit  well. 

Inspecting  Table  4. 3  (ground-based  data)  it  is  clear  that  this  mod.jl  fits  all  the 
data  quite  well.  For  the  airborne  data  in  Table  4.4  the  model  also  fits  quite  well  ex¬ 
cept  possibly  for  laser  systems/equipment.  Thus  even  though  in  the  limit  as  t-*<» 
the  model  is  absurd,  it  fits  well  for  fte  relatively  short  times  in  the  data. 

The  following  is  an  example  of  the  model  when  it  fits  well. 

Ejjgjjujlfi:  Data  set  No.  2,  Ground,  Computer,  In-house,  R3. 

For  this  data  set  A  =  14.31  and  1^2  =  0.0009096.  The  H  and  R.  E. ,  as  can  be 
seen  from  Figure  4. 6  are  very  low.  Also  Figure  4.6  indicates  that  while  the  fit  is 
good  for  the  data  observed,  it  cannot  continue  since  the  Y(t)  is  growing  exponentially. 
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SECTION  5.  0  -  COMPARISONS  BETWEEN  MODELS  AND  DATA  CLASS  FACTORS 


Before  beginning  the  model  comparisons  over  the  various  factors  defining  the 
data  classes  we  give  In  Section  5. 1  some  general  results  concerning  how  well  the 
models  relate  to  each  other  using  the  R  and  R,  E.  statistics  as  the  criteria  of  goodness 
of  fit. 


5. 1  General  Comparisons  Between  Models 

A  computer  run  \v^  made  to  determine,  for  each  data  set,  which  model  resulted 
In  the  smallest  value  of  R  and  which  model  resulted  In  the  smallest  value  of  R.  E. 
These  results,  along  with  the  smallest  values  themselves,  are  given  In  Table  5.2 
starting  on  page  198.  A  summary  of  Table  5. 2  is  given  in  Table  5.  la  and  Table  5.  lb. 


In  Table  5.  la  wo  see  that  the  best  model  overall  was  the  Simple  Exponential. 
Also,  the  IBM,  Exponential  and  Aroef  models  were  frequently  best.  All  the  numbers 
presented  In  Table  5.  la  must  be  viewed  with  several  Important  "disclaimers.  " 

Before  discussing  these  it  should  be  noted  that  the  median  has  been  used  for  R  as  the 
measure  of  central  tendency  to  eliminate  the  misleading  upward  bias  of  the  arithmetic 
mean  due  to  a  few  Isolated  excessively  large  values.  Similarly  the  geometric  mean 
has  been  used  for  R.  E.  because  each  R.  E.  represents  a  ratio  and  the  arithmetic 
mean  has  a  misleading  upward  bias. 

Definitions:  Let  Rj  and  R.  E.  j  represent  the  individual  values  of  a  total  of  m  in  a 
particular  category,  i.e.,  1  =  1,  •  •  •  ,  m. 


For  m  odd 
Median 

For  m  even 

Median  =1 


the  [ (m  il)/2]  largest  value,  i.e.  the  median  is  R/m  +  1  \ 
when  the  Rj  have  been  ranked  from  smallest  to  largest.  \  2  ) 


^‘m  ^  ^m+2 


i.  e. ,  the  median  is  the  arithmetic  mean  of  the 


two  "middle"  values  when  the  Rj  have  been  ranked  from  smallest 
to  largest. 


Geometric  mean 


r  M 


TT  R.E.j 

1 1=1 


l/m 


The  numbers  given  in  Table  5.  la  are  "overall"  qumbcrs  and  tend  to  mask  air¬ 
borne  versus  ground  and  in-house  versus  field  differences.  In  fact,  It  is  clear  from 
Table  5.  la  that  all  the  models  fit  reasonably  well  <m  the  average.  It  should  be  noted 
that  while  the  IBM  model,  with  the  exception  of  the  simple  ex^ponential  model,  was 
most  frequently  best  it  was  the  highest  with  respect  to  toth  "average"  F  and  R.  E. 
These  points  suggest  that  the  results  should  be  looked  at  in  lower  levels  of  classi¬ 
fication  and  we  do  this  in  the  next  section. 


I 


42 


SECTION  5.  0  -  COMPAPTSONS  BETWEEN  MODELS  AND  DATA  CLASS  FACTORS 


Hal.  beginning  the  model  comparisons  over  the  various  factors  defining  the 

aU  classes  we  give  In  Section  5. 1  some  general  results  concerning  how  well  the 
mc^els  relate  to  each  other  using  the  R  and  R.  E.  statistics  as  the  crltertrof  g^ness 


5. 1  Choral  Comparisons  Between  Models 

I  fK  ^  computer  run  wm  made  to  determine,  for  each  data  set,  which  model  resulted 
In  the  smallest  value  of  R  and  which  model  resulted  in  the  smallest  value  of  R.  E. 
These  results,  along  with  the  smallest  values  themselves,  are  given  in  Table  5  2 
starting  on  page  198.  A  summary  of  Table  5. 2  is  given  in  Table  5.  la  and  Table  1  lb. 

Alan  overall  was  the  Simple  Exponential. 

presented  in  TaW^^^fo  fil  frequently  best.  All  the  numbers 

^  Viewed  with  several  Imrjortant  "disclaimers.  " 

^fore  discussing  these  it  should  be  noted  that  the  median  has  been  used  for  R  as  the 
measure  of  central  tendency  to  eliminate  the  misleading  upward  bias  of  the  arithmetic 
mean  due  to  a  ew  Isolated  excessively  large  values.  SlmUarly  the  geometrtrmran 

mAnn^a"  bocause  each  R.  E.  represents  a  ratio  and  the  arithmetic 

mean  has  a  misleading  upward  bias.  luuneuc 


Definitions; 


For  m  odd 


Let  and  R.  E.  j  represent  the  individual  values  of  a  total  of  m  in  a 
particular  category,  i.  e. ,  1  =  i,  .  .  .  .  ^  oi  m  in  a 


Median  =  the  [(m  +  l)/2]  ^  ^  R/m  +  1  \ 

when  the  Rj  have  been  ranked  from  smallest  to  largest.  \ — ^  / 


For  m  even 


Median  |  ^  fbe  median  is  the  arithmetic  mean  of  the 


Geometric  mean  = 


M  il/m 

TT  R.E.j 

1=1 


The  numbers  given  in  Table  5.  la  are  "overall"  numbers  and  tend  to  mnsk 

Table  r^rtLYalulirmtld^sTt®  differences.  In  fact,  it  is  clear  from 

th^whlle  the  IBM  f*,  k  on  the  average.  It  should  be  noted 

m«of  r  *  the  IBM  model,  with  the  exception  of  the  simple  exronentlal  model  was 

These  points  suggest  that  the  results  should  be  looked  at  in  lower  IauaIa  ^  i  i 
flcatlon  and  we  do  this  in  the  next  section. 


TABLE  5.  la 

Analysis  of  Frequency  of  Best  Fits  and  Goodness  of  Fit  by  Model 


Du 

ib: 

Exponential 
Lloyd-  Lipow 
Aroef 

Simple  Exponential 
Totals 


Median 


26.92 

26.85 

21.45 

21.15 

19.21 

13.39 

21.30 


TABLE  5.  lb 

Total  Goodness  of  Fit  Analysis  for  Airborne /Ground  and 
In -House/Field  Classifications 


Ground 


Airborne 


In-house 


R 

R.E. 

R 

ISM 

T  Z 

R 

R.E. 

R 

25.46 

1 

0.94 

31.63 

1.01 

26.57 

0.61 

27.05 

27.42 

1.57 

20.10 

0.43 

28.15 

0.65 

26.27 

31.84 

1.88 

10.97 

0.09 

15.42 

0.  31 

31.29 

21.15 

0.65 

20.96 

0.46 

27.31 

0.60 

20. 17 

19.55 

0.63 

18.64 

0.39 

22.81 

0.58 

18.52 

13.60 

0.35 

12.91 

0.26 

15.46 

0.28 

12.89 

23.30 

0.86 

19.37 

0.35 

24.69 

0.48 

23.22 

♦Median  for  R;  geometric  means  for  R.  E. 


V  L  D  fl  u  fv  L-  ij  '  {  u  L  I  N  t  i 

HEu:  FOR  PREPARATION  OF  RADC  TECHNICAL  REPORTS 


TYP 

PRO 

COR 

CKD 


5.2  Airborne/Ground  and  In-House/Field  Comparisons  by  Model 
Some  interesting  conclusions  can  be  obtained  from  Table  5.1b. 


I 


In  Table  5.  lb,  by  Inspecting  the  totals,  It  Is  clear  that  airborne  systems/ 
equipment  growth  dati  is  better  fitted,  on  the  average  than  the  ground  based  data. 
This  may  well  be  due  to  the  generally  more  severe  missions  for  airborne  systems 
and  hence  more  aggressive  testing  and  monitoring  throughout  the  life-cycle.  While 
there  is  little  difference  with  respect  to  the  R  for  In-house  versus  field,  the  In-house 
iR.  E.  Is  significantly  better.  This  is  probably  due  to  the  more  careful  testing  and 
monitoring  that  Is  accomplished  in-house  and  tills  result  Is  entirely  expected. 


Regarding  the  models  themselves,  four  points  are  worth  noting. 


1)  The  Duane  model  does  not  behave  all  that  well  for  airborne  data. 

ll)  The  exponential  model  Is  much  superior  for  airborne  data  than  It  Is  for 
ground  and  It  Is  superior  for  In-house  as  against  field  data. 

Ill)  The  IBM  model  does  Its'  best,  by  far,  for  airborne  data. 


Iv)  The  simple  exponential  model  Is  uniformly  good  (for  a  limited  time  span). 
In  the  next  section  we  Investigate  the  class  differences  even  further. 


3  Joint  Alrbome/Ground/ln-House/Fleld  Comparisons  by  Model 

The  results  of  this  analysis  are  given  In  Table  5.  3.  This  table  gives  a  better 
look  at  data  class  differences,  If  any.  The  following  conclusions  are  evident. 

1)  The  Duane  model  cannot  be  recommended  for  airborne  field  data. 

ll)  Conversely,  the  IBM  model  is  excellent,  at  Its'  best,  for  airborne  field 
data. 


Ill)  The  exponential  model  is  excellent  for  all  airborne  data,  but  Is  best  for 
airborne  field  data. 

Iv)  The  Lloyd-Llpow  and  Aroef  models  do  quite  well  for  alrbome-fleld  data. 

V)  The  simple  exponential  model  Is  good  everywhere  although  the  exponential 
model  Is  clearly  better  for  all  airborne  systems/equipments. 

In  the  next  section  we  look  at  the  models  In  terms  of  equipment  categories. 

5. 4  Comparisons  of  Models  by  Equipment  Categories 

The  results  are  given  in  Table  5. 4  and  lead  to  the  following  conclusions. 

1)  ior  antennas  all  the  models  except  the  IXiane  model  are  quite  good. 
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TABLE  5.3 


\ 


Joint  Goodness  of  Fit  Analysis  for  Airborne /Ground  and 
In -House /Field  Classifications 


Ground 

Airborne 

In-House 

Field 

In-House 

Field 

ii 

R.E. 

R 

R.E. 

R 

R.E. 

R 

R.E. 

Duane 

28.64 

0.73 

1 

24.  38 

1.01 

25.44 

0.54  1 

67.88 

4.1.373 

IBM  i 

j 

23.43 

1.15  , 

26.  8.5 

1.73 

23.96 

0.42 

1  3.  66 

0.51 

Exponential 

I  24.41 

1.21  ^ 

32.05 

2.11 

11.41 

0.10 

7.38 

0.07 

Lloyd-Llpow 

'  25.32  1 

0.64 

20.65 

0.66 

28.42 

0.58 

11.79 

0.27 

Aroef 

22.30 

0.62 

19.21 

0.63 

23.70 

0.55 

10.57 

0.18 

Simple 

Exponential 

16.95 

0.36 

13.08 

0.35 

13.76 

0.24 

12.20 

0.31 

ii)  For  radar  and  microwave  systems/equipment  the  Duane  model  and  the 
simple  exponential  model  are  very  good. 

ill)  For  display,  computer,  and  communications  equipment  the  Lloyd-Llpow, 
Aroef  and  simple  exponential  models  are  good. 

Iv)  For  Infrared  systems  equipment  all  models  but  the  Duane  model  are 
excellent. 

V)  For  all  laser  systems/equipments  the  exponential  is  vastly  superior  to  all 
other  models. 

vl)  For  the  visual  scan  equipment  the  exponential  model  Is  again  superior  to 
the  remaining  models. 

5.  3  Reliability  Gain  Analysis 

In  this  section  we  discuss  reliability  gain  in  terms  of  the  various  factors  that 
define  the  data  classes.  Roughly  speaking,  for  a  given  data  set,  the  reliability  gain 
is  defined  as  the  ratio  of  the  final  cumulative  MTBF  to  the  Initial  cumulative  MTBF. 
For  computing  the  reliability  gam  we  will  use  the  Duane  model  since:  (1)  it  virtually 
always  fits  the  data,  and  (2)  it  provides  a  convlenent  means  of  computing  initial 
MTBF.  We  will  use  two  measures  of  reliability  gain  defined  as  follows. 
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TABLE  5.4 

Model  Comparisons  by  Equipment  Categories  (Continued) 
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1^(3  =  observed  final  cumulative  MTBF 

1  calculated  Initial  cumulative  MTBF 


j^Q  ^  calculated  final  cumulative  MTBF 
2  calculated  initial  cumulative  MTBF 

In  RGj  one  would  ordinarily  expect  to  find  the  observed  initial  cumulative 
MTBF  in  the  denominator.  However,  determining  how  many  failures  should  be 
included  in  calculating  "initial"  cumulative  MTBF  is  very  arbitrary,  particularly  for 
data  sets  with  small  numbers  of  failures.  To  avoid  possible  serious  bias  in  the 
results  we  have  used  the  definitions  given  above. 

It  has  already  been  shown  (Section  3. 1)  that  for  the  Duane  model  the  mean  time 
to  first  failure  is 

Initial  cumulative  MTBF  =  Kr(l/3  +  1) 

where  T  (u)  is, the  usual  gamma  function  of  u.  The  maximum  likelihood  estimate  is 
thus  given  by  Kr(]/^  +1).  Thus  RGj  =  (t*/n)/kr{l/$  +  1), 

where  t*  is  the  total  length  of  test  and  n  Is  the  number  of  failures  in  the  data  set,  and 
RG,  =  /Kr(]/^  +  1). 


In  RGg  the  numerator  is  the  calculated  final  cumulative  MTBF. 


In  calculating  "average"  values  for  RGj  and  RGo  we  have  used,  since  the  PG's 
are  ratios,  geometric  means.  These  are  denoted  GIV^  (for  RG])  and  GM2  (for  RGo). 

(m  \  i/ra 

TT  RGij]  ,  1  =1,2  1  -  1,  •  •  •.  m. 

where  m  is  the  number  of  RGj’s  to  be  averaged  (the  average  Is  over  all  sets  in  a  category). 


5*  5. 1  Analysis  of  Reliability  Gain  for  Reliability  Categories  and  Ground  Versus 
Air^nie  Baged  Systems/Equipments.  The  results,  1.  e. ,  the  geometric  means,  are 
given  in  Table  5.  5.  First  it  should  be  noticed  that  the  "observed"  gains  (GMj)  and  the 
calculated  gains  move  together  quite  nicely.  Generally,  the  least  gain  is  achieved  by 
spending  no  dollars  (Rl)  although  it  should  be  noted  that  while  no  reliability  money 
was  spent,  per  se,  failures  that  did  occur  were  recorded  and  corrective  action  taken 
under  engineering  auspices.  "Ilie  explanation  for  why  the  growth  was  larger  for 
moderate  reliability  expendlhires  (R2)  than  it  was  for  larger  expenditures  (R3)  is 
two-fold. 


i)  The  larger  expenditures  concentrated  more  funds  in  the  design  phase  (as 
against  testing)  and  the  system /equipment  was  probably  better  (less  design/ 
workmanship  faults)  when  testing  started  so  there  was  less  gain  to  be  had 
to  achieve  the  limiting  cumulative  MTBF.  This  conclusion  was  based  on 
the  general  observation  of  a  number  of  the  individual  data  sets. 
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TABLE  5.5 


Average*  Reliability  Gains  for  Reliability  Categories  and 
Airborne  and  Ground  Based  Data 


Ground 

GM, 

GM^ 

Airborne 

GMj 

GM^ 

III 

3.88 

5.42 

3.09 

5.03 

R2 

5.  79 

9.98 

5.17 

7.65 

R3 

4.02 

7.10 

2.17 

3.57 

♦Geometric  means. 


ii)  Some  data  sets  barely  fell  into  R2  or  R3,  i.e, ,  were  borderline  in  the 
classes.  Since  the  bounds  In  the  classes  were  arbitrarily  selected,  the 
differences  In  the  reliability  expenditures  In  terms  of  reliability  gain  are 
hard  to  detect. 

Whether  we  deal  with  GMi  or  GM2  it  is  apparent  that  the  reliability  gain  is 
larger  for  ground  based  systems/equlpment  than  for  airborne  systems/equipment 
irrespective  of  whether  the  reliability  class  is  Rl,  R2,  or  R3.  We  checked  the  air¬ 
borne  data  fairly  carefully  and  found  that  generally  the  airborne  systems/equipment 
undergo  more  environmental  and  screening  type  tests  at  all  levels  (card  through 
system)  than  ground-based  systems/equipments.  Thus  the  data  we  have  collected 
Includes  some,  but  not  all  (e.g.  card  level)  screening/e^jiironmental  tests.  Hence, 
when  the  airborne  systems/equipment  reach  developmental  testing,  they  are  better 
(higher  Initial  cumulative  MTBF)  than  the  ground-based  systems/equipments,  and 
thus  less  reliability  gain  is  present  to  be  achieved  by  developmental  testing. 

The  absolute  magnitude  of  the  numbers  in  Table  5.5  are  of  interest  in  and  of 
themselves.  Personally,  we  are  somewhat  surprised  they  are  as  large  as  they  are. 
Gains  of  5  to  1  and  more  occur  in  seven  of  the  twelve  cases.  Actually  they  are  some¬ 
what  small  in  terms  of  what  some  people  claim.  For  example,  R.  P.M.  (the  General 
Electric  Co.  version  of  the  Duane  model)  claims  a  10  to  1  increase  where  the  limiting 
cumulative  MTBF  Is  taken  as  Ihe  predicted  value,  and  the  prediction  Is  made  accord¬ 
ing  to  MIL  Handbook  217B.  We  did  however,  experience  a  10  to  1  ratio  (R2, 
ground) . 

5.5.2  Analysis  of  Reliablli^  Gain  for  In-House  and  Field  Data.  Table  5.6 
gives  the  geometric  means  for  the  in-house  and  field  data  sets.  The  results  are 
entirely  believable.  Even  though  the  9. 76  result  is  high  (caused  by  a  particular  gain 
present  in  a  limited  number  of  data  sets  on  the  ground  data)  it  is  clear  there  is  more 
reliability  gain  achieved  by  developmental  testing  than  by  field  use.  This  is  because 
most  of  the  design,  workmanship,  and  other  non-random  failures  have  been  removed 
before  the  system  enters  the  field.  Thus,  developmental  testing  is  doing  its'  job. 
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TABLE  5.6 

Average*  Reliability  Gain,  In-House  and  Field 


GMi 

GM^ 

In-House 

5.64 

9.76 

Field 

2.45 

4.68 

♦Geometric  mean. 


5.5.3  Analysis  of  Reliabll^  Gain  ^  System/Equipment  Category.  Tables  5.  7 
(ground)  and  5.8  (airborne)  actually  present  the  ‘‘average’*  reliability  gains.  We  have 
intentionally  not  averaged  the  data  over  reliability  categories,  in-house  versus  field 
or  airborne  versus  ground  so  as  not  to  obscure  equipment/system  differences  which 
might  be  caused  by  small  data  sets  and/or  unusually  large  reliability  gains. 

Several  very  logical  results  can  be  seen  from  the  tables.  A  case  in  point  is  the 
ground  based  communications  equipment  in  Table  5.7.  It  shows  very  modest  reli¬ 
ability  growth  and  this  phenomenon  is  probably  due  to  the  fact  that  communications 
technology  is  among  the  oldest  and  many  design  problems  have  long  since  been  solved. 
Thus  the  payoff  in  developmental  testing  for  communications  equipment  is  not  large. 

Generally,  computers  and  displays  exhibit  moderate  reliability  growth  which 
is  probably  a  manifestation  of  the  fact  that  computers  and  displays  represent  a 
relatively  mature  technology. 


c> 


By  referring  to  Table  2.5  of  Section  2,  we  can  see  that  some  of  the  large  gains 
are  due  to  paucity  of  data.  For  example  in  Table  5.8  the  ipfrared  receiver,  in- 
house,  R2,  the  gain  is  determined  from  only  one  data  set. 

5.6  Parametric  Analysis  for  the  Duane  Model 

In  this  section,  because  of  the  overwhelming  popularity  of  the  Duane  model, 
we  give  a  brief  parametric  analysis  in  terms  of  the  slope  of  the  growth  line.  Here 
the  “line”  is  in  terms  of  the  In  cumulative  MTBF  versus  In  time.  In  Section  3. 1  it 
is  pointed  out  that  this  slope  is  given  by  1  -  p  .  Of  course  we  do  not  have  p ,  but  we 
do  have  an  estimate  of  p ,  namely  0 .  The  results  are  given  in  Table  5.9  which  pro¬ 
vides  ground  versus  airborne  and  in-house  versus  field  comparisons.  The  only 
significant  fact  is  that  the  in-house  growth  rate  is  significqntly  larger  than  the  field 


Radars,  which  are  a  constantly  changing  technology  reflected  in  complex  designs, 
generally  experienced  moderate  to  lai^e  gain. 

Microwaves  and  antennas  exhibit  generally  moderate  to  large  gain. 

Actually,  except  for  communications  equipment  there  are  very  small  differences 
in  the  gain  among  the  remaining  categories. 
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TABLE  5.7 

Reliability  Gain,  Ground  Summary 


/ 


Equipment 

REL 

r  gMI 

GM2 

Antenna 

In-house 

R3 

2.431 

5.455 

Antenna 

Field 

III 

2,121 

2.928 

Radar 

In-house 

R3 

2.328 

3.719 

Radar 

Field 

‘  R1 

3.771 

5.261 

Microwave 

In-house 

1 

R1 

1  1.129 

2.174 

Microwave 

Field 

1 

R1 

5.400 

7.334 

Display 

In-house 

R3  ... 

1  38.402 

78.580 

Display 

In-house 

R3 

3.217 

4.484 

Display 

Field 

R1 

5.512 

9.329 

Display 

Field 

R2 

i  2.762 

4.450 

Display 

Field 

R3 

1 

1  2,363 

3.723 

Computer 

In-house 

Rl 

4.507 

7.205 

Computer 

In-house 

R2 

1.781 

2.212 

Computer 

In-house 

R3 

11.880 

28.419 

Computer 

Field 

R1 

22.952 

4.091 

Computer 

Field 

R2 

5.024 

9.331 

Communication 

In-house 

1 

R3 

1.464 

1.727 

Communication 

Field 

R1 

1.507 

1.852 

System-Radar 

In-house 

R3 

2.642 

3.572 

System-Radar 

Field 

R1 

11.609 

18.239 

System-Microwave 

In-house 

R1 

1.129 

1.174 

System-Microwave 

Field 

R1 

5.335 

7.187 
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TABLE  5.8 

Reliability  Gaii>,  Airborne  Summary 


Equipment 

REL 

GMl 

GM2 

Antenna 

In-house 

R2 

4.089 

6.335 

Radar 

In-house 

R2 

13.993 

23.341 

Display 

In-house 

R2 

2.153 

2.837 

Computer  | 

In-house 

R1 

2.376  1 

3.745 

Computer 

In-house 

R2 

1.424  1 

i  1 

1.715 

Laser  Transmitter 

In-house 

R1 

2.119 

3.704 

Laser  Transmitter 

In-house 

R3 

3.403 

1 

6.142 

Laser  Receiver 

In-house 

R1 

2.990 

'  4.924 

Laser  Receiver 

In-house 

R3 

3.183 

1  i 

8.207 

Laser  Xmtr/Rcvr 

In-house 

R1 

3.941 

6.601 

Laser  Xmtr/Rcvr 

In-house 

R3 

7.477 

15.057 

Infrared  Receiver 

In-house 

R2 

25.096 

48.205 

System-Radar 

In-house 

R2 

12.059 

18.692 

System-Laser 

In-house 

R1 

9.423 

17.675 

System-Laser 

In-house 

R3 

7.279 

13.973 

System-Visual  Scan 

In-house 

R2 

2.921 

3.969 

System-Infrared 

In-house 

R1 

1.283 

1.448 

System-Infrared 

Field 

......  . 

R3 

1.344 

1.934 
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TABLE  5.9 

Growth  Rates*,  1  -  P,  for  the  Duane  Model 


Ground 

Airborne 

Totals 

In- House 

0.38 

0,35 

0.36 

Field 

0.29 

0.28 

0.28 

Totals 

0.31 

0.33 

0.32 

♦Means 


growth  rate  and  this  is  to  be  expected  because  of  the  closer  monitoring  and  control 
in-house.  It  is  also  interesting  to  note  that  for  in-house  data  the  commonly  “pitched” 
0.50  growth  rate  was  not  seen  here,  although  0.  36  is  not  all  that  far  from  it.  The 
discrepancy  is  explained  by  the  fact  that,  generally,  R.  P.M.  and  other  monitoring 
techniques  were  not  applied  to  the  present  data. 

In  Table  5.10,  we  can  clearly  see  the  effects  of  the  expenditure  of  reliability 
dollars  (as  percentage  of  total  contract  dollars).  For  the  R3  category,  the  largest 
(  >  1%  of  contract  costs)  expenditure  class,  the  growth  rate  is  0.45  which  closely 
approaches  the  commonly  “heard”  0. 50. 


TABLE  5,10 

Growth  Rates*,  1  -  P  ,  for  the  Duane  Model  by  Reliability  Category 


Reliability  Category 

R1 

R2 

R3 

A 

1  -p 

0.30 

0.37 

0.45 

♦Means 


Although  the  growth  rate  is  largest  for  the  R3  class  this  does  not  necessarily  contra¬ 
dict  the  point  made  at  the  bottom  of  page  48.  That  is,  the  rate  of  growth  depends  on 
the  agressiveness  of  the  "debugging"  program,  not  necesriarily  on  the  absolute  amount 
of  growth  potential  available. 
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SECTION  6.0  -  GUIDELINES  FOR  APPLICATIONS  AND  CONCLUSIONS 


The  results  of  the  Alta  analyses  make  it  clear  that,  generally,  a  number  of 
models  can  be  used  to  fit  any  particular  situation.  In  this  connection  we  note  that 
while  we  tried  only  six  different  models  here,  there  are  many  other  possibilities  :md 
it  is  likely  some  of  them  would  also  graduate  the  data  well.  It  is  also  important  that 
we  distinguish  how  well  a  given  model  fits  from  whether  it  fits  at  all.  The  primary 
case  here  is  the  Duane  model.  While  it  was  rarely  the  best  fitting  model,  significance 
tests  indicate  that  it  virtually  always  fits;  which  is  quite  a  point  in  its  favor. 

Many  interesting  things  were  learned  by  analyzing  this  data  in  terms  of  the 
various  factors  defining  the  data  classes  and  by  investigating  reliability  gain.  These 
results  form  the  basis  for  the  guidelines  for  applications. 

Before  proc(;eding  to  these  guidelines  we  note  the  most  important  conclusion 
(perhaps  already  known  to  the  reader)  learned  from  the  study. 

THE  RELIABILITY  GROWTH  PROCESS  IS  AN  EXTREMELY  COMPLEX  PHYSICAL 
PROCESS  AND  MAY  REQUIRE  QUITE  SOPHISTICATED  MATHEMATICAL  TOOLS. 

When  we  say  "physically  complex”  we  mean  the  type  of  failures  present,  the 
rate  at  which  they  present  themselves  for  detection,  and  the  aggressiveness  and 
consistency  of  the  testing  process.  Mathematically  the  growth  process  is  a  stoclias- 
tic  process.  Now  it  turns  out  that,  in  spite  of  the  wealth  of  literature  on  the  subject 
(see  ref.  (14)  ),  only  relatively  simple  stochastic  processes  have  been  studied  and 
analyzed  in  any  detail.  It  may  well  be  that  quite  complex  stochastic  processes  are 
required  to  model  growth  processes  closely.  This  brings  up  another  point.  Other 
than  recognizing  the  Duane  model  as  a  nonhomogeneous  Poisson  process  with  Weibull 
intensity  (a  vepr  recent  development)  the  approach  to  growth  models  has  been, 
historically,  through  the  use  of  differential  equations.  It  is  our  belief  that  to  achieve 
physically  and  mathematically  satisfying  results,  reliability  growth  will  have  to  be 
approached  from  the  study  of  stochastic  processes.  This  will  result  in  better  esti¬ 
mators  for  the  unknown  parameters  and  a  better  understanding  of  the  process  itself. 
Thus,  the  user  would  be  able  to  more  intelligently  select  n  model. 

To  prove  this  point  of  physical  complexity,  we  recall  that  the  simple  exponential 
model, unappealing  because  it  demands  an  Infinite  cumulative  MTBF,  eventually,  was 
far  and  away  the  best  fitting  model.  It  appears  that  reliability  growth  may  encompass 
several  phases  and  that  even  several  different  mathematical  functions  (models)  might 
be  required  to  describe  reliability  growth. 

Guidelines  for  Applications  -  Data  Class  Factors 

•  Ground  versus  Airborne  Systems/Equipments 

Generally,  the  models  tried  here  fU  the  airborne  data  (R  =  19.37,  R.E.  =  0.35) 
better  than  the  ground  based  data  (R  =  23.30,  R.E.  =  0.86).  For  ground  based 
data  the  Lloyd-Llpow,  Aroef  and  simple  exponential  models  are  quite  good  but 
only  the  IBM  and  exponential  models  are  unsatisfactory.  For  airborne  data  all 
the  models  fit  very  well  except  the  Duane  model;  however,  the  exponential 
model  is  superior  to  all  the  other  models. 
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•  In-Housc  versus  Field  Data 

With  respect  to  R.E.,  the  models  describe  in-house  data  better  tiian  field  data 
overall.  Apart  from  the  simple  exponential  being  a  good  fit  as  usual  all  the 
models  fit  in-house  reasonably  well  (the  exponential  model  is  better  than  all 
save  the  simple  expx)nential  model).  For  field  data  only  three  models  are 
satisfactory:  the  Lloyd-Lipow,  Aroef,  and  simple  exponential  models. 

•  Systems/Equipment  Categories 

•  Antennas  —  all  models  are  suitable  except  the  Duane  model. 

•  Radar  and  microwave  —  the  Duane  and  simple  exponential  models  are 
veiy  good. 

•  Displays,  computers,  communicators  -  the  Lloyd-Lipow,  Aroef  and 
simple  exponential  are  models  which  fit  well. 

•  Infrared  —  All  models  except  the  Duane  model  are  excellent. 

•  Lasers  —  the  exponential  model  is  vastly  superior  to  the  other  models, 

•  Reliability  Gain 

The  details  of  calculating  reliability  gain  are  given  in  section  5.5.  Roughly  it 
is  the  ratio  of  final  cumulative  MTBF  to  initial  cumulative  MTBF.  The  results 
given  here  are  based  on  the  Duane  model  for  reasons  given  in  section  5.5. 

Generally  speaking  the  reliability  gains,  over  all  data  classifications  were 
good,  i.e. ,  on  the  order  of  about  5  to  1  on  the  average. 

With  respect  to  ground  based  versus  airborne  data  the  potential  for  reliability 
gain  is  larger  (i.e. ,  larger  reliability  gain)  for  ground  based  system s/equlp- 
ments.  This  may  well  be  due  to  more  intensive  card  level  (pre-equipment  and 
system)  tests  used  on  many  airborne  systems. 

In  terms  of  in-house  versus  field  data,  the  results  (see  Table  5. 6)  show  that 
the  reliability  gain  for  in-house  exceeds  the  field  gain  by  a  factor  of  2  to  1. 

This  is  as  expected  and  could  be  summarized  by  saying,  as  is  well  known,  the 
growth  potential  is  greater  and  the  cost  of  removing/correcting  defects  is 
lower  during  in-house  testing. 

In  terms  of  the  reliability  expenditure  categories  R1  (low),  R2  (moderate),  R3 
(higher),  the  lowest  gain  (see  Table  5,5)  is  achieved  at  the  lowest  expenditure 
level  Rl,  There  is  a  “crossover"  in  that  R2  results  in  more  gain  than  R3, 
This  is  probably  due  to  two  effects. 

i)  The  additional  expenditure  (in  R3)  caused  a  better  design  and  hence 
less  potential  for  gain  was  available. 
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ii)  There  is  relatively  less  R2  and  R3  data  than  R1  and  this  result  may 
have  been  due  to  sampling  error,  or  to  incorrect  classification, 
e.g. ,  mlsclassifying  an  R2  into  an  R3  category. 


Next  we  give  the  growth  rate  for  the  Duane  model  which  provides  a  different 
but  interesting  view  of  the  Rl,  R2  and  R3  categories. 


Parametric  Analysis  for  the  Duane  Model 


We  mentioned  in  section  3. 1  (equation  3. 1)  that  the  Duane  model  is 


In  cumulative  MTBF  =  pin  k  +  (1  -  p)  In  t. 


Hence  1  -  3  is  an  estimate  of  the  logarithmic  growth  rate  1  -  p.  There  is  no 
difference  in  the  growth  rate  between  airborne  and  ground  equipment.  How¬ 
ever,  for  in-house  the  growth  rate  (0.36)  is  much  higher  than  the  field  growth 
rate  (0.28).  The  interesting  result  is  to  compare  the  Duane  mo<lel  growth 
rates  in  terms  of  reliability  categories.  They  are: 


Rl  -  0.30 
R2  -  0.37 
R3  -  0.45 


This  last  rate,  0.45,  is  very  close  to  the  much  talked  about  0.50  growth  rate 
for  well  monitored,  well  controlled  programs. 


Procedure  for  Using  Reliability  Growth  Models 


1.  Locate  in  Tables  5.3  and  5.4  the  model  that  has  the  best 
(try  to  find  the  model  that  between  both  tables  has  the  lowest  R  &  R.E. 
for  the  particular  situation  in  question)  for  the  particular  equipment, 
environment,  and  type  of  growth  being  considered. 


2.  Use  Table  4.1  to  find  the  par.ameter.s  that  have  to  be  calculated  and 
the  form  of  the  model. 


3.  Locate  in  eltner  Table  4.3  (for  ground)  or  4.4  (for  airborne)  the 
pertinent  data  base  for  the  equipraent/system  being  considered.  Estimate 
each  parameter  by  averaging  those  found  for  each  equipment/system  in  the 
data  base  (l.e.,  ^  A 

.  h  PiM 


P-i  — y  where  is  the  value  of  P^  to  be  used  in 

the  growth  model  for  the  equipment/system  being  considered  and  Pj^i  are  the 
estimated  parameters  from  the  data  base). 


4.  Use  examples  in  sections  4.1.1  through  4.1.6  and  6.1  and  the  explanation 
of  each  model  in  sections  3.1  through  3.6  to  aid  in  calculating  the  desired 
times  and  MTBFs, 
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G.  1  Examples  of  Use  of  Models 


I  C' 


Example  1.  Suppose  It  is  desired  to  develop  an  airborne  laser  system  to  a  spec- 
fled  MTBF  =  0q=  25  hrs.  at  a  low  level  of  reliability  effort  (l.e.  Rl).  Tables  5.3,  5.4 
pages  45,  46  indicates  the  (single-term  power  series)  exponential  model  is  excellent 
for  in-house  airborne  systems.  Procee^ng  to  Table  4.4,  page  169,  we  find  two  data 
sets  on  system  no.  21  for  laser  systems  in-house,  airborne,  Rl.  From  page  22, 
equation  (3. 14)  we  have 

cumulative  MTBF  =  Y(t)  =  K(l-Kj^ 

and  from  the  bottom  of  page  22  the  Initial  MTBF  =  K(l-K-).  From  Table  4. 1 

we  learn  that  ^ 

PI  =  K,  P2  =  Kj,  P3  =  K2. 

Since  the  two  data  sets  are  on  the  same  system  no.  wo  will  average  the  values 
to  obtain  our  estimates: 

K.  28-,9.2.|  30.64  ,  0^524_..0.,e225  ,  33. 

g^.0^002608_^002798  .  ^ 

Thus,  initial  MTBF  is  estimated  to  be  K(l-Kj^)  =  29.33(0.11)  =  3.23. 

The  key  issue  Is:  how  much  developmental  test  time  is  required  to  achieve 
0q=  25  hrs.  Thus  setting 


25  =  K(l-Kj^  and  solving  for  t  wo  get 


"t  I- 


0.0027 


=  664  hrs 


j-ln  [(I--?!-)  (-1-) 

.  29. 3  0. 89  . 


if  this  t  is  too  long  then  more  reliability  effort  must  be  expended  during  the 
development  testing.  It  should  be  noted  that  the  parameters  for  &e  two  data  sets  were 
so  close  a  weigjited  average  (based  on  the  number  of  failures  in  the  two  sets)  was  not 
used. 


Example  2.  In  this  example  we  consider  development  of  a  radar  system  (in- 
house)  to  a  specified  MTBF  =  100  hrs  at  R3.  Table  5. 4,  page  46  Indicates  the  Duane 
model  is  a  good  fit.  Table  4.3,  page  78,  shows  two  data  sets  on  the  same  system. 
Rather  than  complicate  this  example  with  weighted  averages  of  the  parameters  (the 
number  of  failures  on  the  two  data  sets  are  14  and  53)  we  will  Just  use  data  set  number 
2.  From  equation  (3. 5),  page  19,  -  - 


8  - 
9  0 


inltial  MTBF  =  KFd/^  +  1)  =  24.64  T  (1/0. 745  +  1) 
«  24.64  r(2. 34)  =  24.'^64  (1.195)” 


=  29.44 
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Prom  cquatlcm  (3,3),  page  18,  we  obtain  (for  the  time  required  to  achieve  a 
cumulative  MTBF  of  100  hrs) 


«  /A 

t^“^  =  Y(t)/K^  so  that 
t=  [y(t)/K^  ] 

=  [^100/(24.64) 


=  5973  hrs 


This  Is  extremely  long  because  the  growth  rate  (0.255)  Is  low.  If  the  "customer" 
is  satisfied  that  only  the  instantaneous  (and  not  the  cumulative)  MTBF  be  150  hrs  then 
equation  (3.6),  page  19,  gives 


H  5  U  • 

8  /s! — 

9  Q  i _ 


i.. 


,1-/3  /3  (100)  , 

t  ^  =  U: _ L  so  that 


RlOO)  (0.745)  ' 
.  (24.64)®*'^^®. 


1/0.255 


=  1888  hrs. 
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SECTION  7.0-  RECOMMENDATIONS 


As  a  result  of  this  study  a  large  data  base  has  been  built.  Moreover,  the 
funds  available  on  this  program  could  not  nearly  exhaust  the  analyses  that  could  be 
run;  indeed,  a  large  part  of  the  funds  was  expended  building  the  data  base.  Thus  we 
are  recommending  more  analysis  of  the  data  now  available. 

In  particular  we  recommend  two  or  three  new  models  be  investigated  based 
on  a  stochastic  process  approach.  Specifically.,  the  nonhomogeneous  Poisson  process 
^th  intensity  functions  different  from  the  Weibull  intensity  (which  corresponds  to  the 
Du^e  model)  should  be  investigated.  This  will  Improve  the  parameter  estimation 
techniques  and  lead  to  a  better  understanding  of  the  growth  process. 

Also,  we  recommend  a  more  intensive  analysis  of  selected  data  sets  What  we 
mean  is  that  each  individual  data  set  selected  should  be  subjected  to  a  (seauentiali 
failure  by  failure  fit.  That  is, the  models  selected  shall  be  fit  subsequent  to  each 
failure  to  determine  whether  the  best  fit  changes  from  failure  to  failure. 

Finally,  (and  this  point  relates  to  the  stochastic  process  approach  mentioned 
above)  the  growth  rates  should  be  classified  and  investigated  by  data  class  factor. 
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SECTION  8  -  COMPUTER  MODEL  DESCRIPTION 


8.1  General  Description 

The  reliability  growth  software  routines  were  programmed  in  Fortran  IV, 
utilizing  the  Hughes  computer  installation  consisting  of  an  IBM  370-165  with  exten¬ 
sive  library  modules. 

Data  reduction  was  accomplished  through  multi-job  step  procedures,  as 
depicted  in  diagram  1.  Software  coding  was  minimized  by  using  "canned  routines," 
l.e. ,  programs  existing  in  Hughes  software  library.  New  software  was  added  only 
to  merge  the  existing  general  purpose  routines  into  an  integrated  data  processing 
program  for  the  Reliability  Growth  study.  The  "canned  routines"  included  the  UCLA 
Biomedical  computer  programs  for  non-linear  least  squares  and  Hughes  own  pro¬ 
grams  for  curve  fitting;  both  linear  and  exponential. 

8.  2  System  Failure  Data  Sets 

The  ground  and  airborne  system  data  was  stored  in  permanent  computer 
storage  (data  sets).  Originally  we  had  two  (raw)  data  sets  on  ATS  (administrative 
technical  service),  then  the  data  sets  were  printed,  checked  and  corrected  during 
the  restructuring  and  creation  of  new  data  sets.  Restructuring  was  necessary  to 
make  the  data  compatible  with  the  input  requirement  of  the  canned  routines.  Also, 
additional  information  was  provided  in  terms  of  general  parameters  necessary  for 
the  Biomedical  Computer  Programs  (BMD). 

8.3  The  Biomedical  Computer  Program 


8.3.1  BMD  program.  The  Biomedical  Computer  Program,  (BMD07R)  non¬ 
linear  least  squares,  was  utilized  on  two  models  the  IBM  and  the  exponential  (single¬ 
term  power  series).  The  BMD07R  was  available  only  in  load  module  form; 
consequently,  it  could  not  be  modified.  Therefore,  the  output  coefficients  for  the 
models  were  rekeypunched  and  stored  as  separate  data  sets. 

8.3.2  Non-linear  least  squares  program.  The  non-linear  regression  pro¬ 
gram  obtains  a  least  squared  fit  of  a  specific  function  to  data  values  by  means  of 
step-wise  Gauss- Newton  iterations  on  the  parameters.  Within  each  iteration  para¬ 
meters  are  selected  for  modification  In  the  stepwise  manner.  The  parameter 
selected  at  a  given  step  is  the  one  which,  differentially  at  least,  makes  the  greatest 
reduction  in  the  sum  of  the  squares  error. 

The  IBM  and  exponential  (single  term  power  series)  model  subroutines  were 
coded  in  Fortran,  with  the  respective  derivatives  needed  for  the  coefficient  evalua¬ 
tion.  In  all  cases  the  number  of  iterations  was  limited  to  100,  and  in  a  few  of  the 
cases  the  process  would  not  converge. 

8.4  The  Main  Program 

The  main  program  has  a  subroutine  for  each  of  the  six  growth  models  which 
is  called  for  each  case  of  the  ground  and  airborne  data  sets.  The  subroutines 


perform  calculations  which  are  passed  back  to  the  main  program  through  calling 
argument  list.  The  system  information  is  then  written  on  separate  data  set  files 
for  subsequent  sorting  by  equipment  type,  fi^d  or  in-house  and  reliability  level. 
The  main  program  also  calculates  the  p  and  K  for  the  Duane  model. 


8.4.1  rhe  Duane  subroutine.  The  ^ane  Model  routine  uses  the  data  to  cal¬ 
culate  the  maximum  likelihood  estimates  K  and  p  given  in  equation  (3.4). 

8.4.2  T^e  IBM  Bubrou^inc.  The  IBM  subroutine  fits  the  following  expression 
V(t,)  =  tj  +  Kj  (1  -  e  ^  S 

where  and  K2  are  coefficients  to  be  calculated  by  the  BMD  program.  The 

parameter  data  is  read  from  cards  for  each  case  because  a  link  between  the  BMD 
routine  and  the  main  program  could  not  be  establlslied. 

8.4.3  The  exponential  (single-term  power  series  model)  subroutine.  The 
above  discussion  appTles  to  the  exponential  model  where  the  following  expression 
was  fitted 

Y(tj)  =  +  K  a  -  Kj  e  V 

In  both  the  IBM  and  exponential  models  the  range  of  x  In  the  factor  e"^  had 
to  be  restricted  to  less  than  174.67  otherwise  machine  diagnostic  would  Indicate 
machine  underflow. 

8.4.4  The  Lloyd- Li pow  subroutine.  In  the  Lloyd- Llpow  subroutine  the  curve 
fit  routine  is  called  to  obtain  the  coefficients  used  to  fit  the  following  expression; 

Y(t,)  =  MTBFj  =  K  -  K^/t^ 

Where  K  and  K2  are  derived  by  the  curve  fit  module,  and  t«  is  equal  to  the  time  of 
the  i*^"  failure. 

8.4.5  The  Aroef  subroutine.  The  procedure  is  the  same  as  8.4.4  except  the 
expression  to  be  fitted  is  as  follows; 

Y(tj)  =  MTBFj  =  K  e  ^  ‘ . 
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8.4.6  The  simple  exponential  subroutine.  The  procedure  is  the  same  as 
8.4.4  except  the  expression  to  be  evaluated  is  as  follows: 


Y(tj)  =  MTBF,  =  K  e 

8.4.7  Model  output  data.  The  calculation  from  the  model  subroutine  are 
further  processed  to  determine  the  statistical  goodness  of  fit  criteria  R  and  R.E. 

(see  Section  3.7).  The  subroutine  data  and  the  statistical  goodness  of  fit  critleria 
are  stored  in  permanent  disk  sto?age  for  additional  processing  in  preparation  for 
the  report  generator. 

8.4.8  Report  generation.  The  results  from  the  main  program  are  sorted 
and  merged  into  one  large  file  to  facilitate  processing.  Individual  reports  for  each 
model  are  prepared  with  a  data  set  summary  report.  This  is  done  for  both  the 
ground  and  alAome  system  data  (see  Tables  4.3,  4.4,  and  5.2). 

8. 4. 9  Example  of  method  of  estimating  mo^l  coefficients.  To  illustrate  the 
method  of  least  squares  as  applied  to  estimating  the  model  coefficients  consider  the 
(non-linear)  exponential-single  term  power  series  model: 

Y(t)  =  K  (1-K,  Here  K,  K,,  and  K„  are  unknown.  The  data  consists  of 

1  1  A  A.  -Rot) 

n  pairs  (Yj,  t^)  where  Y^  is  the  cumulaUve  MTBF  at  time  t^.  Defining  Y (t)=K(l-Kje  ^ 

we  need  to  find  estimates  K,  K^,  and  so  that  Q=  2^  (Y(tj)-Yj)2  is  a  mJnlmam-  This 

is  the  least  squares  tq)proach.  The  equations  for  K,  K^,  and  Kg  are  not  available  in 
closed  form*  except  in  the  linear  case.  The  computer  routines  solve  the  three  equations 
=  0:  »  0:  ^  =0  interatively  for  K,  K, ,  K„,  For  the  linear  case  the  equa- 

0R  aRi  0^2 

tlons  may  be  found  in  almost  every  statistics  book. 
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ft  IRN  NODCL 

•{ft08 

ION  MODEL 

Rt 

NO, 1ft 

1R,»28 

ft  IftNNCOftL 

0,120 

SIMPLE  EXPO 

Rl 

NO, 17 

18,791 

ft  ft|N4tl  fX40 

0,ft22 

simple  expo 

R1 

NO. 1ft 

ft,ftl9 

•  11070*  I.140H 

•  ,919 

LLOYD*  LIPON 

Rl 

N0.19 

19,277 

ft  IftN  NOOftl 
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Rl 

NO.IO 

11,919 
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Rl 
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ft  480C7  NOOtL 
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ftftOEP  MODEL 
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NO. 
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N 
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X 

M 
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1 

I 
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P 
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A 

12 

A 

R 

0 

E 

R 
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7 

II 

1 

1 

M 

R 

L 
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• 

It 

S 

1 

M 

P 

L 
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OUANE  MODEL 
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ARHFE  model 
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MtC*OM«V| 

7  I  f  t  D 


•  7 


N  0 


8  •  «  f» 


8  E 


NO.  1 

8  S 

1 

N 

8 

L 

E  E  8 

8 

0 

a 
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0 

a 
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E 
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Rl 
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a 
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Rl 
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R| 
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a 
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a 
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R| 
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p 
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u 
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N 

p 

L 
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J 
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1 

M 

P 

L  E  EXPO 
0,121 

MO, 

r 
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R 

0 

1 

F 
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X 
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R 

u 

c 
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u 

A 

MOAN 
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PI 
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11 

0 

u 
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PI 
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12 

A 

M 
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PI 
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19 

9 

1 

M 
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PI 
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12 

0 

U 
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PI 
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19 

L 

L 

O 
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19 

1 

1 

M 
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PI 
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0 

1 

M 
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PI 
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19 

L 
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o 
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19 

1 

B 
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PI 
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0 
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1 

M 
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19 

L 

L 
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PI 
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19 

L 

L 

0 
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0 

1 

M 
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11 

S 

1 

M 

*.090 

P  L  C  EXPO 

Pl 
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12 

• 

1 

M 
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Pl 
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11 

1 

1 

M 
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PI 
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11 

0 

! 

M 
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PI 

NO, 

1 

•  yon 

17 

Pl 
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2 
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2 

6P0UND  SVO 
eOMPuTEM 
P  I  I  L  0 
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« 

Ml 

NO, 17 

4 

33 

llbSO 

0,12376401 

0,19006404 

0,97736400 

0,66616-01 

12,560 

1,176 

1 

Ml 

N0,1A 

4 

14 

24920 

0,04366400 

0,10916*04 

0,57076400 

0,23146400 

33,965 

2,206 

Ml 

NO, 19 

4 

bl 

12900 

0,62316400 

0.22306403 

0,69296400 

0,42496400 

19,126 

0.274 

• 

Ml 

NO, 20 

4 

60 

42000 

0,67766400 

0,63416402 

0,37466400 

0,12406401 

23,429 

2.710 

• 

Ml 

N0,21 

4 

22 

13400 

0.12036401 

0,27106  ^04 

0,66616400 

0,23436400 

24,960 

0.675 

) 

I 


t 


I 


6  i)  n  ^ 

CROywO  SYSTEM 
►-ICROXAVE 
E  1  E  I.  0 


SYSNO 

NO, f AIL 

Houss 

St 

SI 

S3 

S4 

R6AR 

S2 

•  1 

NO,  t 

tt 

1  ttt 

42078 

O,8188EYO0 

0,27I7E901 

6,02112900 

0,22282900 

8,001 

0,688 

«! 

NO,  2 

<1 

259 

46680 

0,8518E«00 

0,82752901 

0,58782900 

0,10302901 

17,104 

0,386 

»l 

NO.  5 

<1 

240 

47699 

0,72581900 

0,2920e902 

0,88182900 

0,22002901 

20,817 

0.118 

NO,  a 

u 

tss 

48799 

0,5678E900 

0, 48341901 

0,51182900 

0,24462901 

21,862 

0,624 

NO,  5 

5 

to 

407 

0,1111C901 

0,91202902 

0,68122900 

0,16342400 

18,889 

2,210 

«1 

NO,  h 

9 

40 

2881 

0,87281900 

0,80002902 

0,75862900 

0,28142900 

17,451 

1,084 

•  1 

NO,  T 

5 

28 

1173 

0,2491C90t 

0,17112903 

0,16082901 

0,8771I«0I 

15,535 

0,586 

NO.  8 

5 

42 

7124 

0,55861900 

0,68712901 

0,45212900 

0,10202900 

24,314 

0,227 

«t 

NO,  9 

5 

45 

1032 

0,8111C900 

0,26082902 

0,84562900 

0,27342900 

18,102 

1,055 

SI 

NO,  to 

S 

4 

t81 

0,1048E901 

0,41772902 

0,28822900 

0,72072-01 

55,680 

7,075 

■> 

NO,tl 

5 

28 

2767 

0,«101E900 

0,48572902 

0,81432900 

0jl232E900 

17,782 

0,314 

SI 

NO,t2 

4 

t47 

35000 

0,6754C900 

0,11842903 

0,77682900 

0,11382901 

18,175 

1,608 

SI 

NO, 11 

4 

102 

428ta 

0,881ttE900 

0,75822901 

0,61102900 

0,18452901 

22,177 

1,605 

St 

NO,  l« 

4 

283 

32600 

0,8690C900 

0,68402901 

0,83102900 

0,10862901 

16,878 

0,247 

«l 

NO.tS 

4 

t71 

24820 

0,72811900 

0,11121901 

0,85502900 

0,88872900 

18,015 

0,981 

St 

NO.tS 

tt 

2St 

33860 

0,75561900 

0,22512902 

0,88242900 

0,10872901 

15,322 

1(856 

St 

NO,t7 

4 

149 

16240 

0,8306C900 

0,85452901 

0,58152900 

0,11252901 

11.681 

0,848 

St 

NO,te 

4 

182 

41798 

0, 84811900 

0,22572901 

0.64222900 

0,18082901 

27.841 

0,784 

St 

N0,J9 

tt 

180 

5:440 

0,8512E900 

0,21712902 

0,56412900 

0,76822900 

0,246 

St 

NO, 20 

tt 

446 

48634 

0,70682900 

0, 6481194: 

0,88452900 

0,15622901 

14,811 

0,854 

t 


i 


I 


T  A  B  1.  i;  4  . 

D  U  A  N  c  M 

C  R  0  U  N  0 

A  N  T  e  N  N 

1  N  •  H  0  U 


8VSNO 

NO, FAIL 

HOURS 

FI 

1 

R3 

NO, 

t 

1 

a 

3039 

0,42622400 

R5 

NO, 

2 

t 

9 

9099 

0,44132400 

RS 

NU, 

3 

!• 

a 

3922 

0,47092400 

• 

e 

1 

0  U  A  N  2 

6  R  0  U  N  1 
RADAR 

( 

F  1  2  L  0 

9YSNO 

NO, fail 

HOURS 

FI 

1 

»  Rt 

NO, 

1 

16 

16 

2913 

0, 49612400 

« 

R\ 

NO, 

2 

12 

69 

24904 

0,99722400 

R1 

NO, 

3 

11 

TO 

6791 

0,69612400 

( 

Rt 

NO, 

4 

12 

34 

R165 

0,70712400 

* 

Rt 

NO, 

9 

12 

4 

714 

0,69002440 

Rt 

NO, 

6 

12 

TT 

lesoc 

0,07662400 

c 

R| 

NO, 

T 

It 

71 

4192 

0,93232400 

< 

Rt 

NU, 

9 

11 

12R 

7974 

0,74602400 

>  iCont'd) 

0  0  f  L 

*  Y  I  T  t  M 


C 


F2 

F3 

PU 

RBAR 

RE 

0,11742403 

0,19602400 

0,10462400 

92,912 

0,429 

0,13262403 

0,21492400 

0,97922-01 

60,996 

0,269 

0,20072403 

0,20932400 

0,‘97472-01 

99,999 

60,491 

0  D  2  L 

9  Y  9  T  2 

M 

P2 

FI 

F4 

ROAR 

RE 

0,94202401 

0,34942400 

0.49261-01 

22,140 

0,036 

0,23612403 

0,66242400 

0,39122400 

12,277 

1,120 

0,10412402 

0,9970C400 

0,10622400 

19,497 

0,041 

0,62642402 

0,93692400 

0,17692400 

20,026 

0,499 

0,14902403 

0,30492400 

0,13592400 

94,306 

3,647 

0,12902403 

0,79132400 

0,'30662400 

13,739 

1.092 

0,14902401 

0,49312490 

0,10911400 

16,400 

0,036 

0,11312402 

0,66392400 

0,37262400 

14,116 

1.136 

I 


( 

G  N  U  U  N  0 
RADAR 

1  N  •  H  Q  U 

8  V  8  T  2 

8  2 

M 

SYSNO 

NO,^ AlL 

MOURI 

R1 

Pi 

P3 

pa 

R8AR 

P2 

» 

•  3 

NO, 

1 

1 

28 

6369 

0,62672600 

0,31242602 

0,48092600 

0,10632600 

12,666 

o.Ui 

P3 

NO, 

? 

1 

3 

2076 

0,66632600 

0,16682603 

0,17262600 

0.‘e6702«01 

76,999 

0,671 

«»3 

NO, 

1 

1« 

18 

3822 

0,83602600 

0,11662603 

0,96612600 

0,23112600 

28,762 

0,962 

B5 

NO, 

a 

1« 

12 

3370 

0,23162601 

0,18372606 

0,13992601 

0,60762*01 

21«123 

0,66: 

«S 

NO, 

5 

1« 

11 

8690 

0,12082601 

0,63622603 

0,77162600 

0,11802600 

66,997 

6,860 

(  5 
( 


( 

( 

( 

i 


« 

r 

{ 

( 


I 

( 

< 


.  ,T  A  B  1,  I;  4  .3  (Conf  d) 

O'  ANE  mOOEC 
Sk'ouno  $ysTtM 
HicnowAve 
I  N  f-  H  0  u  8  e 


8Y8NO  NO,r»lL 

hours 

R1 

P2  PS 

Ptt 

RPAR  nc 

«l  NO,  1 

S  S3 

o,8*inoo 

_  0,7S<l5£»0C ^ 

0, j9S5Ct00 

0|*‘’ 

0 

U 

A  N 

1 

M  0  D  e  t. 

• 

6 

n 

0  U 

H 

0  8  t  8  T  C  M 

1) 

I 

•  R 

1 

A  i 

r 

1 

C  C 

0 

SVSNO  NO, rail  HOUR! 

PI 

Pi 

PS 

Ptt 

n§kH 

PC 

NO, 

1 

1  1 

S4 

1  lUPO 

'0,924TCA00 

0,1S84E«02 

OtSPPSEAOO 

0,12PSE«00 

1«,8TP 

O.UUS 

PI 

NO. 

2 

1  1 

IT 

use2 

0,S82StA00 

0,SS8Set02 

0,4|OaE«00 

Oi«80PB»01 

IPiOT" 

0,070 

-.PI 

NO. 

S 

12 

50 

lesou 

0,P6T4EP00 

0,1|22EaOS 

O,ttPTSC*00 

0,S820E*00 

29.891 

l,S28 

Pi 

NO, 

a 

12 

T 

P16S 

O.SIIPCAOO 

0(aiT|fiP02 

0,lTP2fP00 

0,29441*00 

44.897 

0,027 

^  PI 

NO, 

S 

12 

« 

TU 

O.STIOEAOO 

e.*sooeA02 

0,a4P2EP00 

0,99k-£»01 

59, IPO 

0,61P 

PI 

NO, 

6 

11 

UP 

PPPS 

0,820Sr.A0.O 

0,8408EA02 

O,47a2CP00 

0,11B1E*00 

11,894 

0,808 

PI 

NO, 

? 

11 

IIT 

I090P 

0,10T1E«0I 

0,|2POEp01 

_0,Pf0«A00 

v,2T22E«0l 

8.819 

PI 

NO, 

8 

12 

SS 

24801 

O.PATlEPOe 

o,4*rseP8S 

0,79881*00 

0,'l8f9E*00 

18, 9» 

1,089 

PI 

NO, 

4 

11 

ITT 

T64P 

0,4PP9EPOO 

0,l480ep00 

0,«9I0E*00 

0,12S0S*01 

21,884 

o.ias 

I 


i 


T  A  b  L  U  4.’  (Cont'd) 

OUAHE  hOOEL 

GROUND  SVSTEH 
DISPLAY 
E  I  e  I  0 


SYSNO  NO.RAll, 

HOURS 

P* 

P2 

P3 

P4 

RBAR 

RE 

92 

NO,  1  a 

IS 

«42S 

0,74S5E«P0 

0,24602*03 

0,44942*00 

b, 99032-01 

20,417 

0,409 

•  2 

NO,  i  § 

T 

S2ua 

0,40t7E«00 

0,324aE*03 

0,27112*00 

0,14722*90 

35,944 

0,401 

R2 

NO,  s  a 

la 

VS/C 

0,7?59E»00 

0,1749tt03 

0,47392*90 

0,10392*00 

20,414 

0,504 

R2 

NO,  tt  a 

11 

9425 

0,U71Et01 

0,12:5C*04 

0,44232*00 

0,52492-01 

31,934 

7,122 

»2 

NO,  a 

IS 

aS37a 

0,44i0C«00 

0,12741*03 

0,31442*00 

0,19922*00 

35,724 

0,713 

»2 

NO,  6 

« 

22037 

o,4as(>i«oo 

0,29171*04 

0,29922*00 

0,13012*00 

54,427 

0,944 

R2 

NO,  T 

« 

4S0S9 

o,a44iEAeo 

J,3989C*05 

0,20022*00 

0,94432-01 

39,555 

4,573 

R2 

NO,  a 

IT 

a979 

OitTiacAOi 

9,1T40C*94 

9,11392*01 

e,9:23C«9i 

24,547 

9,907 

R? 

NO,  9 

la 

ll9ia 

0,973lCA0e 

9,41122*03 

0,44752*00 

0,34322-01 

14.317 

3,499 

R2 

NO, 10 

11 

17119 

0,1I49E«01 

0,2l3se*04 

0,73332*00 

0,2245E-01 

22,075 

739,301 

NO, 11 

s 

2237 

0,37aOCAOt 

0,14732*04 

0,44772*90 

9,10292*00 

79,549 

45,414 

R2 

NO, 12 

(t 

2247 

Q,l.«a3EA01 

0,74272*03 

0.35342*00 

0,50042-01 

45,904 

21,155 

R2 

NO.n 

1 

2331 

0,12211*01 

0,95092*03 

0,21632*00 

9,995IE«0| 

90,429 

15,159 

R2 

N0,1U 

3 

laao 

0,l22fe*01 

0,10971*03 

0,21702*90 

0,12042*00 

74,422 

21*099 

R« 

NO, IS 

3 

asi 

0,34S4tA01 

0,45912*03 

0,41002*09 

0,10212*00 

79,919 

79,392 

R2 

NO,ia 

(1 

3492 

0,ie23Ef01 

0,14322*94 

0,50242*00 

0,53022-01 

42,299 

1319.049 

nt 

NO, IT 

It 

4094 

0,I394E*01 

0,^3502*03 

0,799/2*00 

0,12552-01 

25,392 

123,924 

R2 

NO.ia 

1« 

44314 

0,472IE*00 

0,97332*03 

0,45442*00 

0,31572-01 

24,732 

0,409 

R2 

NO, 10 

a 

45374 

O,S305MOO 

0,72102*03 

0,32032*00 

0,09902-01 

29,079 

0,473 

R2 

NO, 20 

6 

3332a 

0,S42SC*00 

0,13792*04 

0,29542*09 

0,779i2-Cl 

13,225 

7,405 

I 


( 


NO, 21 
R2  NO, 22 
1*1  NO, 21 


^«1  NO,  1 

NJ 

HI  NUc  2 
H)  NO,  1 


T  A  B  L  U  4.3  (Cont'd) 

OUANE  NUOEC 


GROUND 

0  I  8  R  L  A 

YIELD 

(CONTI 

8  Y  8  T  E 

Y 

N  ij  E  0  ) 

M 

8YSNO 

NO,rAiL 

HOURS 

R1 

P2 

PI 

P4 

f'.Kt* 

RE 

S 

1 

41221 

n,5S41C«00 

0,*22kE*04 

0,20S*E*00 

0,’8580E«01 

01,1*4 

0,122 

% 

u 

4i4?r 

0,47211*00 

0,1280E*01 

0,I888E*00 

0,46llC«iO| 

21,140 

0,019 

• 

10 

452*1 

0,G230C*00 

0,27581*04 

0,5121E*00 

0,f4a2E«01 

34,775 

0,934 

OUANE  MODEL 
GHouNo  ivireM 
DISPLAY 
YIELD 


SYSNO 

NO, PAIL 

hours 

PI 

P2 

PI 

P4 

RBAR 

RE 

17 

5 

37*4 

0, *9151*08 

8tS71*:*01 

0,28211**0 

0,'*79ll«01 _ 

_ 80,3*8 

2 

12 

*38* 

e,**95C«00 

0,1549E*C3 

0,41*9E*00 

0,1101E*00 

28.89* 

0,51* 

2 

8 

457* 

0,550*1*00 

0,1048e*OS 

0,I20*E*00 

o,'se9ie»oi 

29,341 

0,274 

( 

I 

1 

f 

I 


V'J 


t 


I" 

r 

i 

1  A  U  L  1;  4.3  (Cont'd) 

1 

OUAnC  MOOCL 
6ROUNO  SYSTC 
0  1  a  F  L  A  Y 

M 

t 

I  N  •  H  0  U  a  E 

( 

8VSN0 

NO.YilL 

HOURS 

PI  F2 

FS 

P4 

R8AR 

RE 

R2 

NO, 

1 

e 

tos 

2700 

0,4ia5E«00  0.9215E*01 

0,95O4EO00 

0,2952C*01 

90,580 

0,904 

»2 

NO. 

2 

• 

100 

9200 

0,47iaEYOO  0,1847Ey90 

o.ooaoEooo 

0, 71482000 

20,874 

0,051 

( 

n2 

NO. 

9 

6 

50 

970C 

0.5ia0E«00  0,iOa9£401 

0,4172EO00 

0,2406Eo00 

20,084 

0,040 

NO. 

a 

a 

99 

9700 

O.1O97EY00  0,2470E»00 

0,2755E«00 

o.iooocool 

52,400 

0,290 

»2 

NO, 

5 

e 

Ifc 

2500 

0,709OeY00  0,O*9SC*02 

0,40l6Eo00 

0,0152E»01 

29,721 

0,519 

I 

i 

DUANE  MODEL 
GROUND  tYITE 

M 

D  I  a  F  L  A  Y 

i 

I  N  •  K  0  U  •  E 

SYSNO 

NO, FAIL 

HUUR8 

FI  FI 

FI 

P4 

R8AR 

RE 

< 

•  9 

NO, 

1 

7 

17 

2109 

O.jOSOEoOO  0tt«4t2O02 

0,18082-^00 

0,|S54E000 

10,009 

0,124 

i 

t/4 

«9 

NO, 

2 

7 

92 

2201 

0, 80921000  e,8097e»02 

0,OS05EOOO 

O,1500EO00 

92,208 

0,701 

»S 

NO, 

9 

7 

12 

9922 

0,1414E«01  0,97171001 

0,8272Eoao 

0,17B8EO00 

40,806 

0,080 

«5 

NO, 

0 

2 

9aa 

9415 

0,OO74EO00  0,4581EoOO 

0,8241EO00 

0,23242001 

20,075 

1,402 

c 

B5 

NO, 

5 

2 

111 

459* 

0,10121001  0, 22021002 

0,0210EOOO 

0,15012001 

84,045 

0,081 

»S 

NO, 

6 

1 

* 

4450 

0,07506000  0,1277Eo09 

0,954MEO00 

0,9499E«01 

89,229 

l.OOO 

• 

1*9 

NO, 

7 

1 

21 

0144 

0,aO02Eo00  0,|820Eo0S 

0,81451000 

0,20272000 

ll|010 

2j914 

i 

t 

( 


i 


1 

I 

T  I-  L  li  4 

.■5  (Cont'd) 

1 

•  t  ! 

0  u  0  N  e 

H  0  0  C  L 

G  H  0  u  N  0 
C  0  M  0  U  T 

S  7  8  T  E 

M 

E  H 

71110 

SYSSO  NO, fail 

H0UH8 

HI 

H2 

HI 

P4 

RBAH 

HE 

HI 

NO,  t  11 

3(1 

11090 

0(66ooeooo 

0,5692(402 

0,5056(400 

0,8138(«0I 

12,151 

C,094 

HI 

NO,  2  1 

33 

5701 

o,ooi7e*oo 

0.2080(401 

0,1346(408 

0,1041(400 

25,531 

0,022 

»1 

NO,  3  1 

16 

9165 

0,6080|«00 

0,1274(401 

0,4511(400 

0, '2018(400 

39,451 

0,095 

HI 

NO,  a  1 

19 

11800 

0,7750E«00 

0.2642(401 

0, 5577^400 

0,2926(400 

26,997 

5,261 

HI 

NO,  5  1 

15 

leioo 

0, 51861400 

0,1910(402 

0,4099(400 

0,2775(400 

16,116 

0,211 

HI 

NO,  6  1 

5 

2511 

0,8995E4C0 

0,4199(401 

0,4179(400 

0,7599E«01 

54,794 

i.;i3 

HI 

NO,  7  1 

9 

11209 

0,7816E«Q0 

0,6741(403 

0,4045(400 

0,5662(*0i 

26,191 

0,812 

HI 

NO,  8  1 

7 

106C? 

0,1955e«0l 

e,68v|(4j4 

0,1888(401 

0,7841(*01 

50,406 

37,829 

HI 

NO,  »  1 

9 

16192 

o,io2oe«ot 

0,|894(4(  J 

0,6182(«^00 

0,1753(400 

10,252 

2,187 

HI 

C 

• 

.  0^ 

o 

•  0^ 

Ul 

19 

21095 

0,9651(400 

0,1111(404 

0,6511(400 

0,7177E.01 

27,105 

0,898 

H! 

N0,ll  15 

10 

15701 

0,6179(400 

0,3791(401 

0,1845(400 

0,2014(400 

16,717 

9,706 

HI 

NO. 12  15 

17 

21572 

0,9881(400 

0,1140(404 

0,6471(400 

0,2927E«01 

19,111 

1,962 

HI 

NO, 11  15 

20 

19756 

0,1102(401 

0,1049(404 

0,8004(400 

0.8704(«01 

11,942 

1,709 

Hi 

NO.ia  15 

16 

11960 

0,1009(401 

0,8916(401 

0,7021(400 

0,6074(-0l 

19,681 

10^900 

HI 

NO, 15  15 

3« 

23660 

0,8580(400 

0,1885(401 

0,6512(400 

0,6096E-P! 

12,917 

0,316 

HI 

NO. 16  11 

15 

10121 

0,7799(400 

0,1081(401 

0,5966(400 

0,1481(400 

11,365 

0.59} 

HI 

NO, 17  12 

HI 

20800 

0,1025(401 

0,6621(401 

9,1259(400 

0,2555(400 

27,621 

1,063 

HI 

NO, 18  M 

36 

9811 

0,1541(401 

0,9605(401 

0.1184(401 

0,9097E-0| 

11,717 

16,718 

HI 

^0,19  11 

15 

12101 

0,6803(400 

0,6521(402 

0,S177(40o 

0,'7547E»01 

11.704 

0,103 

1 
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^  T  A  B  L  L  4.3  (Cont'd) 

OUANE  MODEL 


C  P  0  U  N  D 
C  0  M  P  U  T 
FIELD 

S  V  8  T  E 
E  P 

M 

SV8NO 

NO, fail 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

rE 

*3 

MO, 

1 

IT 

to 

5063 

0,3440f AOO 

0,178TE602 

0,2P61E600 

0,1308t600_ 

59, ''ll  _ 

0,126 

PS 

NO, 

i 

2 

16 

4376 

0.3S22E600 

0,2301E602 

0,S703E600 

0,i056£600 

29,977 

0,058 

P> 

NO, 

3 

2 

4 

6336 

0,1303EA0| 

0,1ITSE60« 

0,78671600 

0,SlSPE-0> 

26,069 

4,965 

PI 

NO, 

1 

SYSNO 

It 

NO, fail 

96 

HOURS 

4467 

DUANE  model 
GROUND  SV8TE 
C0N8UTIP 

1  N  •  H  0  U  1  I 

PI  P2 

0,56161600  0,98m601 

H 

PS 

0,4474E600 

P4 

0,1640E600  _ 

PBAR 

_ Ilf  173 

RE 

J,097 

PI 

NO, 

2 

14 

12 

2093 

0,5067E600  0, 19161602 

0,33071600 

6;92l9E*0t 

96,733 

0,027 

'•>4 

R1 

NU, 

i 

ta 

93 

1US9 

0,19555681  0,99641603 

0,1260E60i 

0,38905600 

29,156 

16,109 

PI 

NO, 

4 

19 

10666 

0,1909E601  0,S999C60> 

0,1829E60i 

0,'l87eEj^00 

23»585  _ 

.IJ|>22_ 

R1 

NO, 

5 

19 

W 

9 

2792 

0,86065600  0,2l7Se60S 

D,5196E600 

0,3159E-01 

25,392 

9,575 

DUANE  model 
6N0UND  DVITEM 

C  0  N  ^  U  T  C  «  ~  "  "  ~ 

IN-HOUSE 

IVINO  NO.EAIl  HOUNS  pi  P2  P3  P4  P8AR  PE 

Nt  NO,  I  IJ_  18  IS«0  0,8058Em  S,8I*8E«0I  0.«71«im  0,TT«8I»01  I8|E«2  _ 1,111 


i 


T  B  L  t-  4.3  (Cont'd) 

DUANE  MOOEL 
6N0UN0  SVSTPM 
COH^UTCt 
1  N  •  H  0  U  t  E 


J 

5Y3N0 

NO, PAIL 

HOURS 

N| 

N2 

NS 

64 

N4AN 

NE 

KS 

‘<0, 

1 

« 

10 

1726 

0,2S76e90G 

c,io6se6oo 

0,1291(600 

0,1464(600 

44,404 

0,004 

( 

NS 

NO, 

2 

N 

25 

22M 

o,4t92eA00 

0,1046(601 

0,5160(600 

0,6555(600 

56,051 

0,225 

N3 

NO, 

S 

9 

24 

2S70 

0,5454e400 

0,67Bb(601 

O.S8BBE60: 

0,*1957E600 

24,540 

?,152 

N| 

NO, 

4 

9 

S 

S105 

0,2S79EA00 

0,6»S4(602 

0,5465(601 

0,1024(600 

75,555 

_  49,564 

NS 

NO, 

9 

2 

74 

S415 

0,6205E«00 

0,5519(601 

0,9500(690 

0,4425(600 

20,517 

0,475 

( 

NS 

NO, 

A 

2 

*7 

«SS6 

0,5502(600 

0,2177(601 

0,4660(600 

0,7755(600 

29,042 

1,216 

NS 

sd  1 

? 

1 

5 

0511 

0,157«E601 

0,5071(604 

0,7645(604 

_0,9271(»01 

*»6M6_ 

ll.«01 

NS 

NO, 

S 

1 

s 

6SS9 

0,1100(601 

0,2142(604 

0,96711600 

0,2291(600 

65,262 

9,121 

I 


1 


r- 

.  T  A  13  L  !  4.3  (Cont'cl) 

i  0  -  u  A  N  C  ti  0  0  f  t 

8K0UND  SySTCM 


4 

C  0  H  H  0  N 
8X210 

1  e  A  T  1  0 

N  1 

1 

SY3N0 

NO, f AIL 

HOUNS 

81 

82 

83 

84 

HBAM 

86 

■<1 

NO, 

1 

4 

14 

35400 

0,67166600 

0,17146604 

0,55866600 

0,'2846E600 

38,570 

1.261 

f 

*^1 

NO, 

2 

4 

25 

46640 

0,6017C600 

0,64526603 

0,57656600 

0,41406600 

34,242 

1,226 

4 

81 

NO, 

S 

a 

11 

51440 

0,11861601 

0,68321604 

0,76311600 

0, 00486*01 

22.481 

14,188 

81 

NO, 

4 

4 

11 

41T6i 

0,50526601 

0,26006605 

0,28586601 

0,la8466(i0 

65,943 

14,083 

4 

81 

NO, 

5 

4 

16 

33660 

0,86676600. 

0.20406604 

0.68826600 

0,13716600 

23.303 

1,486 

4 

81 

NO, 

b 

4 

16 

24820 

0,11606601 

0,22051604 

0,80776600 

0,17176600 

46,508 

3,400 

81 

NO, 

7 

4 

16 

32600 

0,64306600 

0,12236604 

0.54276*00 

0,‘81456*01 

27,33^ _ 

_ 0|4« 

< 

81 

NO, 

S 

4 

85 

42000 

0,64826600 

0,18706603 

0,73136600 

0,13466601 

26,752 

0,600 

4 

81 

NO, 

» 

4 

4 

46800 

0,57046600 

0,4116C604 

0,24906600 

0,'l2S86600 

5S.8S2 

3,500 

81 

NO, 

10 

4 

16 

47800 

0,26106601 

0.12141605 

0.20066601 

0,20086600 

27 1 322 

5,875 

4 

81 

NO, 

11 

4 

2) 

46660 

0,67726600 

0,13136604 

0,65256600 

0,24846600 

22,868 

1,455 

4 

-j 

-j 

NO, 

12 

4 

S 

42060 

0,77486600 

0,1018660) 

0,28476600 

9,10856600 

66,803 

12,780 

I 


I 

I 

i 

i 

i 

C 

c 

c 


c 


( 

T  A  1!  I,  li  4 

DUANE 

ground 

.5  (Corn'd) 

MODEL 

8  V  S  I  t 

I  C  A  T  1  0 
S  E 

H 

• 

( 

C  0  M  M  U  N 

I  N  «  H  0  ij 

N  S 

SV8N0 

NO, tail 

H0US8 

PI 

R2 

S3 

64 

RBAR 

RE 

H3 

NO, 

1 

2 

20 

3415 

0,8683E*0e 

0,1084E*03 

0,63068*00 

0,I|SOE*00 

!5,286 

3, SCO 

t 

A 

NO, 

2 

2 

10 

4536 

0.8273EA00 

0,28C5£*03 

0,51i'BE*00 

0,|505E*00 

49,836 

0,543 

DUANE 

ground 

MODEL 

8  Y  S  T  E 

M 

• 

system 
T  I  E  L  0 

•  S  A  D  A  R 

« 

SYSNQ 

NO, tail 

HOURS 

Ml 

R2 

R3 

64 

SBAR 

RE 

SI 

NO, 

1 

16 

2515 

0,556SE«00 

0,1220C*02 

0,^«46SE*00 

0,53S0E-0I 

16,70j» 

0,055 

1 

»l 

NO, 

2 

I! 

178 

6751 

0,6S4«E«00 

0,SS«BI*0f 

0,62531*00 

0,322|E«00 

lt,B3Z 

0,180 

( 

SI 

NO, 

3 

12 

170 

24804 

0,5S4SEAOO 

0,1384E*03 

0,S93BE*00 

0,1242E*00 

10,020 

1,044 

SI 

NO, 

4 

1 1 

244 

7845 

0,55771*00 

0,4112E*00 

5,5I21E*00 

..<lill*0|S01 

19,546  _ 

o,tso 

{ 

>4  ^  • 

00 

NO, 

5 

It 

114 

4382 

0,43161*00 

0,75111-01 

0,3S06E*00 

0,10141*01 

24,520 

N,035 

c 

SI 

NO, 

A 

12 

148 

18304 

0,705U*00 

0,1525E*02 

0,68741*00 

0, 75171*00 

11*626 

0,432 

St 

NO, 

7 

12 

57 

5165 

0,SS4«C*S0 

G,«064E*0t 

0,a7S2E*0c 

0,'665BI«01 _ 

12,472 _ 

o»o.5JL 

( 

SI 

NO, 

6 

11 

200 

7574 

0,6610E*00 

0,250'*'*01 

0,55a6E*00 

0,6307E*00 

r'wrw'- 

13,B17 

0,398 

DJANC  MODEL 
6R0UM0  SYSTEM 
S  V  S  T  C  M  *  S  A  D  A  S 
I  N  ^  M  0  U  S  E 


- 

R3 

NO,  1 

SYSNQ 

1 _ 

NO, TAIL 

14 

HOURS 

2076 

61 

0,7340C*00 

62 

0,i699E*08 

63 

0,4966E*00 

64 

0,1338e*00 

RBAR 

RE 

lflO> 

V 

ss 

NO,  2 

1 

53 

5085 

0,7450E*00 

0,2464E*02 

0,6172E*0S 

0,13061^00 

14,431 

0,223 

9 


ft 

I 


{ 

( 

( 

t 

I 

f 

I 

t 

I 

( 

( 

c 

c 

• 

9 
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T  A  U  L  h  'I, 3  (Cont'd) 


0  u  A  N  E  M'0'0  r  L 
CROUNO  SVtTE 
8»RTe'<-MIC«& 
’  I  e  L  0 


H 

WAVE 


SVSNG 

^JO.RAXt 

HOURS 

•1 

82 

83 

84 

RiAR 

R( 

RJ 

NO.  1 

s 

IT 

407 

0.10771901 

0,2430(902 

0,7987(900 

0,2399E90C 

10,721 

1,547 

RJ 

NO,  ? 

5 

SS 

soil 

0,73116900 

0,1294(902 

0.9949(900 

0,2287(900 

11,699 

0,460 

Rl 

NU,  3 

S 

32 

!3>3 

0,1696E901 

0,1763(901 

0.1279(901 

0,1243(900 

162.242 

54,715 

"i 

NO,  4 

5 

46 

7124 

0,947«C900 

0,6044(901 

0,4494(900 

0,3562(900 

24,447 

0,202 

Rl 

NO,  5 

S 

44 

2662 

O.IOOICAOI 

0,6109(902 

0,7918(900 

0,3725(900 

14,322 

1.042 

Rl 

NO,  (t 

4 

119 

42076 

0.9972E900 

0,2902(901 

0, 8669(900 

0,2416(900 

6.440 

0,760 

Rl 

NO,  7 

4 

321 

46896 

0,66191900 

0,1004(902 

0,6319(900 

0,1321(901 

16.772 

0,611 

Rl 

NO,  3 

4 

299 

47696 

0,00946900 

0,4060(902 

0.7442(900 

0,2672(901 

20,646 

0,266 

Rl 

NO,  9 

4 

201 

46798 

0,978ie900 

0,48921901 

0,9237(900 

0,2999(901 

21.647 

0,666 

Rl 

NO, 10 

$ 

9 

161 

0,1074e90t 

0.3999(902 

0,1748(900 

0,6991E«0! 

41, MO 

11,415 

Rl 

NO, 11 

b 

29 

2767 

0,8118(900 

0,43661907 

0,6294(900 

0,1710(960 

16,466 

0,547 

Rl 

NO. 12 

4 

ISl 

19400 

0,9017(900 

0.1110(901 

0,8149(900 

0,1641(901 

14,940 

1.494 

Rl 

NO, 13 

4 

477 

42618 

0,6901(900 

0,9601(901 

0,6489^900 

0,2792(901 

16,632 

1,727 

Rl 

NO,  14 

4 

160 

32900 

0,7064(900 

0,7690(901 

0,6972(900 

0,1212(v^0l 

17.411 

0.212 

Rl 

NO, IS 

4 

203 

24920 

0,7976(900 

0,2;42E902 

0,6867(900 

0,6901(900 

17,024 

1,047 

Rl 

NO, 16  . 

4 

302 

31660 

0,7996(900 

0,2669(902 

0,7196(900 

0,1064(901 

ll,84l_ 

1,698 

Rl 

NO,  IT 

4 

181 

41794 

0,9729(900 

0,1993(901 

0,8799(900 

0,1029(901 

30,463 

0.671 

Rl 

NO, 16 

4 

184 

91440 

0,7078(900 

0.1247(902 

0,6181(900 

0,6233(900 

10.969 

0,c26 

Rl 

NO.l? 

4 

946 

49640 

0,7266(900 

0.6010(901 

0,6898(900 

0,1991(901 

_ 14,966 

1,199 

Rl 

N0,2C 

4 

184 

16240 

0,6412(900 

0.9391(901 

0,9780(900 

0,1666(901 

23,048 

0,625 

• 

■  -  1 

L. 

— 

r  • 

! 

r-*-,  ' ' 
«• 

'  \ 


f  ^  _ 

‘  V, 


^li..  4i:  / 


GROUND  8V8TEH 

aVITEH-MICROwAVE 
!  N  «  H  0  u  8  r. 


SVSNO  NQ,fA:t  HOURS 


Rl  NO,  1 


>U2  0,8110C«00  0t2))8f*02  0t71T«E*00  0,lfl8E«00 


HtUO 


0,802 


i 


GROUND 
4  N  7  E  N  N 
?  I  E  L  U 

8  y  9  T  E 

A 

H 

SVINO 

N0,7*IL 

HOURS 

R1 

62 

65  64 

ROAR 

RR 

NO,  ! 

12 

7 

16504 

0,1592E-02 

0,5061E«01 

0,74b6E-05 

90.750 

5,969 

•  1 

NO.  2 

12 

1 

24904 

0,1629E«02 

0,11891601 

0.77ieE*05 

90,649 

5,209 

NO,  4 

5 

9 

5052 

0,145SE-10 

0,8604C«01 

0,2540E-02 

11,976 

0,019 

R1 

NO,  6 

5 

6 

7124 

0,2067e«05 

0,4528E601 

0,2249E-02 

11,742 

o^oio 

R1 

NO,  T 

5 

4 

2665 

0,1894E<02 

0.1125E605 

0,17671*09 

12,019 

1,995 

Rl 

NO,  H 

% 

7 

407 

0,1906e«0t 

0, 19266*04 

0. 1265E*02 

56,040 

1,236 

R1 

NO,  ? 

3 

IS 

42060 

0,S465E-05 

0, 66461600 

0,4l60E*02 

14,165 

0,241 

Rl 

NO, 10 

4 

14 

46600 

0,1499E«t0 

0, 14162602 

0.5062E-04 

19,715 

0,699 

Wl 

NO, 11 

4 

21 

47900 

0,5796e*0S 

0,|167E601 

0.19261*05 

>2,226 

0.746 

R1 

NO, 12 

4 

41 

46S60 

0,9857E-05 

0,2825C605 

0.25262*09 

52.519 

1,040 

2"‘ 

NO, 15 

4 

T1 

46640 

0,e426C*05 

0,55422602 

0.66652*04 

11,276 

1,061 

Rl 

NO, 14 

4 

11 

51440 

0,2l68E-05 

0, 19262*04 

0,1000E>02 

24,190 

1,500 

R1 

t*0,15 

4 

2S 

S179S 

0,9457E«05 

0.90551601 

0.96652*05 

14,626 

0,520 

R1 

NO, 16 

4 

55 

19240 

0,|459C«10 

0.59462603 

0,15602*05 

16,795 

1,067 

R| 

NO, 17 

4 

59 

55660 

0,1022E-02 

0.19262*04 

0.1215E*C2 

14,076 

1,514 

R1 

NO, 19 

4 

61 

52600 

0,|465E-02 

0,64192601 

0.7542C-05 

11,559 

0.111 

R1 

NO, 20 

4 

SO 

42000 

0,:499E-I0 

0.10902605 

0,404eE*04 

11.760 

0,914 

Rl 

NO, 21 

4 

22 

55400 

0,6651E«05 

0,56561*11 

0.9521E-03 

19,769 

1,250 

c 

f 

( 
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T  A  11  I.  I-  4  ,  {font  ’d) 

I  8  H  M  0  6  C  ! 


6  A  0  U  N  0 

A  N  r  e  N  N 

I  N  .  H  0  0 

8  V  S  T  C 
A 

S  f 

M 

8Y8NO 

NO, fail 

NUUAS 

A1 

P2 

PJ 

P4 

ABAA 

PE 

•  5 

NO, 

1 

1 

a 

SOSB 

0,2S61E>02 

0,Y7e2t*02 

O,3725E-0e 

28tt,73B 

«,10t 

AJ 

NO, 

2 

1 

B 

BOBS 

0,HSAE«02 

0,10AnC«O| 

Ct3BB3EP0e 

2,661 

C,015 

A1 

NO, 

) 

IB 

tt 

1622 

0,1280t«82 

O,«S37L-0A 

0,2182E>02 

261,333 

1034, 37S 

IBM  MODEL 
680UN0  IVSTEM 
A  A  0  *  A 
FIELD 


SVSNO 

NO, FAIL 

HOUAS 

PI 

P2 

P3 

P6 

ABAA 

AE 

i3  A 1 

SO, 

1 

16 

16 

2313 

0,I328E*03 

0,A3S7ta06 

0,737CC»0i 

8626,160 

4134,031 

A1 

NO, 

12 

AA 

20804 

0,140AE«01 

0,7841Ep02 

0,6810E-03 

I0*A80 

30,417 

HI 

NO, 

3 

It 

70 

6731 

0,107AC«01 

O.tllAfall 

0,A62IE-03 

170|868 

2,21A 

A1 

NO, 

S 

12 

4 

714 

0,S621C«10 

0,37ASEa02 

0,1680la03 

PtfO'O 

A1 

NO, 

6 

12 

77 

18304 

0,6816E>02 

o.siAoeAOi 

0, 30021*03 

SS,6AA 

6,164 

Al 

NO, 

7 

11 

71 

6362 

0,1(0AI>0I 

0.163IEAOI 

0,4633E*03 

523,787 

42,122 

A1 

NO, 

B 

11 

12A 

7374 

0,6416E«02 

0,1326E-06 

0,1676E«02 

yA7t066_ 

_ 40,612 

i 


~ 

'  ”  • 

—  — —  -  — 

— 

% 

T  \  i;  L  L  4, 

IBM  H  C  0 
GROUND 

,3  (Cont'd) 

1  E  L 

•  Y  0  T  E 

M 

RADAR 

I  N  •  H  0  u 

a  E 

SYSNO 

NO,r*iL 

HOURS 

•1 

RR 

R1 

04 

RBAR 

ME 

RS 

NO, 

1 

1 

20 

0,2«7ke>0S 

0.2B««r.*02 

0,36a4E*0i 

28,4)4 

0,191 

it) 

NO, 

) 

ts 

10 

3022 

O,1)T50*O2 

0.5177EA01 

0,20«0E»01 

72,59)* 

6,942 

MS 

NO, 

Ik 

10 

12 

5570 

0,a7S5E»0l 

0.1511EA01 

0,|27BE*0l 

00,664 
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I2S 

AktSk 

0,9409E*02 

0,12712*09 

20,072 

1,002 

NO,  S 

« 

299 

97R9k 

0.118*E*}1 

0,11002*09 

*1,09* 

0.911 

NO,  » 

201 

9*798 

o,ii«ie*os 

•.89122*09 

2ltl** 

1.0‘'l 

NO,  10 

s 

5 

1*1 

0, 27*79*02 

0, 19922*01 

10,0(2 

0.919 

NO.  11 

9 

29 

27*7 

0,77897*02 

0,27292*0* 

18,199 

0.719 

NO. 11 

4* 

IfS 

11900 

0,17**1*01 

•,27*92*09 

19,921 

0,919 

NO.  IS 

a 

aTT 

*2*18 

0,97121*01 

*,12*12*0* 

19,0** 

0,991 

N0.1« 

tt 

SkO 

12800 

0, *9871*02 

0.2*721*09 

1*,*1* 

o,**a 

NO,  n 

• 

201 

29  920 

0.90711*02 

e,2}i*2*09 

20,2*0 

0,98* 

NO,  Ik 

• 

102 

11*80 

0.8*001**2 

•,1*9*2*09 

12,119 

0.97* 

NO,l» 

« 

l«l 

*1  79* 

e.2S*l(*0S 

0,1*712*09 

11. *09 

0,911 

NO,  1« 

« 

81*«0 

o.i*iie*os 

0,19112*09 

19,92* 

0,817 

NO, 19 

•  k*90 

0,9***e*02 

•,**192*0* 

21.10* 

0,9*5 

NO. 20 

« 

102*0 

0,9*122*02 

0,19012*0* 

20,0** 

0,9*9 

( 

C 


•< 

■T 


t  \ 


/ 


i. 


t 


TABLE  4.3  (Cont'd) 

AKOCr  MOOCk 

CDOUNO  SYSTEM 

antenna 
T  I  E  k  0 


-  •  •  • 

SYSNO  NO.OAtk 

MOUBS 

B1 

B2 

B1 

B4 

BOAB 

BE 

NO.  1  1 

T 

1SS04 

0,121SI*04 

o,40isE*es 

24,471 

0,414 

*1 

NO,  2  1 

S 

24404 

0.1SeTE404 

0,1T*1(*04 

4 

27. Ill 

0,174 

>*1 

NO,  S 

S 

2T4T 

0,1441E*0S 

-,421TE*eS 

* 

10,441 

0,144 

•  1 

NO,  a 

% 

S0S2 

o.iseiEAOS 

0,11401*02 

44,444 

0,441 

*1 

NO,  S 

4 

ISTI 

0,14141*01 

0.4I1TI*0I 

1,442 

0,011 

Ml 

NO,  A 

* 

Tt24 

e,40siE*os 

o,sosrE*os 

44.111 

0,414 

■  i 

NO,  T 

• 

244S 

0,1044E*0S 

*,202Te*02 

11,144 

1,104 

■  1 

NO,  e 

T 

40T 

0,1444E*et 

0,21T0E*02 

12,411 

0,444 

■i 

NO.  0 

IS 

420S0 

0,2T40I*04 

0,14101*04 

14,741 

0,211 

NO, 10 

14 

44S00 

0.21411*04 

O. 14141*01 

S1.S20 

1,102 

>1 

NO,  1 1 

2S 

4TOOO 

0,1410E*04 

0.4T441*0S 

22,114 

0,44h 

•  t 

NO, 12 

41 

44S40 

0.r4S7E*0S 

•,I|S1E*44 

24,447 

0,702 

N» 

NO.  IS 

TS 

44S40 

0.4S2SE*OS 

•,21441*01 

14.174 

0.442 

01 

NO,  14 

IS 

11440 

0.11411*04 

•,12111*01 

21.141 

0,404 

•1 

NO, 11 

2S 

S1T4S 

0,11111*04 

0,44241*01 

10,447 

0,741 

*1 

NO. 14 

ss 

1S240 

0,S221S*0S 

•,20471*01 

24,140 

0,444 

■  1 

NO, IT 

SI 

SS4S0 

0,10011*04 

•,74041*01 

11.104 

0,44* 

01 

NO, IS 

14 

24420 

0,10111*04 

•,11721*04 

11.120 

0,411 

•  1 

NO.l* 

41 

SISOO 

0,4122E*0S 

0.SSIS1*0S 

12.241 

0,711 

•1 

10,20 

SO 

42000 

0,11041*01 

0.47401*02 

0.44] 

0,472 

•  1 

NO. 21 

22 

S1404 

0,11141*04 

•,11401*04 

11,440 

0,147 

c 


122 


T  A  B  1.  1  4.3  (Cont'd) 

4*01^  NO  OIL 
CMouoo  irsTtM 
4  N  T  I  N  N  4 
IS.HOOll., 


SYINO 

HOURI 

Rl 

42 

41 

44 

•  •40 

1 

■s 

NO, 

I 

1 

• 

lois 

0,24«2(4ei 

0,11292401 

44,079 

0 

R5 

NO, 

2 

1 

5 

S0«9 

0,44422401 

0.12941402 

11.091 

0 

■  J 

NO, 

S 

l» 

« 

iS22 

0,10492401 

>,40201402 

0,027 

1 

4(I0C'  HOOIL 
6«0UN0  STSTIM 
R  4  0  A  • 

R  I  t  L  0 


070N0 

N0,44U 

H0U41 

41 

42 

41 

4* 

■  040 

■  1 

NO, 

1 

14 _ 

14 

2911 

0,74292403 

0,42742402 

9*|1*« 

>1 

NO, 

2 

12 

00 

24004 

0,21142401 

*,11102401 

0,297 

■  1 

NO, 

1 

11 

70 

4791 

0,41101402 

0,10002*02 

44,024 

01 

NO, 

4 

12 

14 

0149 

0,10471401 

0,19042*01 

29,440 

•  1 

NO, 

9 

12 

4 

714 

0.11171401 

0,44922402 

22.970 

*1 

NO, 

4 

12 

77 

10104 

0,20112401 

0,40712402 

10.712 

•  1 

NO, 

7 

11 

71 

4102 

0,27712402 

0,24141*02 

»1 

NO, 

0 

11 

120 

7974 

0,40921*02 

>,47*02401 

21,292 

t 


c 

I 

I 


r 


/ 


ill 


r 


« 

6*0UNDSVST(m 
■  t  0  *  H 

<  iN>Mouse 

..  ...  ^  .  . . . .  . 


"J 

NU, 

t 

SVINU 

\ 

NO.atiL 

Mouaa 

02 

01 

00 

■  1*0 

OE 

la 

aiaa 

o,ii«ai*oi 

0,10*7E*02 

2*,aoa 

O,oia 

•J 

NO, 

2 

1 

1 

lOT* 

o,sa«aE*e) 

0,0021E*e2 

ia,i97 

0,1*0 

«) 

NO, 

) 

la 

la 

laii 

a, 17711*01 

o,oaatE*oi 

2t,oa7 

0,00* 

•  1 

NO, 

a 

»a 

II 

«S7e 

0,20711*01 

>,iaaot*oa 

a. Ill 

0,097 

•J 

NO, 

« 

ta 

11 

«aao 

o,aoiat*oi 

0,1021E*01 

Trial 

0,221 

I 


( 

C 

c 


c 

( 

t 

<. 

i 


\ 


c 


f 


V  «.  ^  . 


f 


±. 


T  A  II  L  li  4.3^  (font'd) 

J  AflOlFMODEL 

GROUND  SYSTEM 

micnonave 

(  FIELD 


SVSNO^ 

NO, FAIL 

hours 

Rl 

'  ”  R2 

R5  '  ■ 

M  " 

R9AR 

*RE 

( 

R1 

NO,  1 

<1 

tl< 

42070 

0,3397C703 

0,4^76E602 

9,444 

0,96 

( 

R1 

NO.  2 

a 

259 

46460 

0,10571603 

0,4717E602 

24,559 

1,00' 

Rl 

NO,  1 

U 

200 

47499 

0, 14041605 

0,119SE605 

44,766 

R» 

NO,  U 

U 

lai 

46796 

0,1166E605 

•,154SE602 

19.955 

1,02. 

R1 

NO,  S 

5 

10 

407 

0,401SE602 

0,10441602 

14,014 

0,961 

( 

R1 

NO,  6 

S 

40 

2665 

0,42991602 

0,1941E602 

14,041 

0,94i 

R1 

NO.  7 

5 

26 

1575 

0,55491602 

•,74141605 

11,994 

O.lOi 

t' 

R1 

NO,  R 

5 

42 

7124 

0,40491602 

0,492SE602 

54,469 

0,93, 

Rt 

NO,  9 

5 

45 

5052 

0, 52041602 

0,1494E602 

»5,415 

0,95 

1 

R| 

NO, 10 

5 

4 

141 

0,54941602 

0,15112602 

12,555 

0^47 

1 

Rl 

NO.ll 

5 

26 

U67 

0,66272602 

0,59541602 

16,504 

0,54 

Zc 

i 

Rl 

NO, 12 

a 

147 

35400 

0,20201605 

•,59451602 

12.904 

0,99 

^  R 1 

NO, 15 

d 

502 

42416 

0,ei6SE602 

•,95474602 

14,452 

0,96 

t 

Rl 

NO, Id 

d 

245 

52600 

0,75441602 

0,51504602 

52,991 

Rl 

NO, 15 

d 

175 

24920 

0,6S50C602 

0,2796e602 

22.465 

1,00 

t 

Rl 

NO, 16 

d 

251 

53440 

0,95471602 

•,92244601 

14,244 

1,01 

( 

Rl 

NO, 17 

d 

149 

16240 

0,66401602 

0,37704602 

10,749 

0,93 

( 

Rl 

NO, IS 

d 

142 

4179S 

0,26241605 

0,21954605 

50,615 

0,94 

Rl 

NO, 19 

4 

160 

51440 

0.19524603 

0,15444605 

22,075 

0,79 

( 

Rl 

NO, 20 

d 

440 

46634 

0,6S1SE602 

•.59474692 

20,217 

1,001 

C 

c 

t 


6R0UND  IVITIN 
M  I  C  R  0  M  A  V  E 

(  I  N  •  M  0  U  S  E 

* 


•  ...  _ 

' 

•3T8n‘0' 

NO,  7  AIL’ 

»4UUR8 

■  '  *‘R1 

■  '■  •■■R2  . . 

■  P3 . 

•  •  p«  ■ 

RBA-R  • 

•RE 

R|  NO, 

1 

5 

S3 

1122 

0,3411E*02 

0,2214E«0 

21,245 

0,57 

( 

( 

( 

A  R  0  C  7 

MODEL 

GROUND 

•  7  a  T  E  N 

D  I  1  R  L  A 

¥ 

FIELD 

9V8NO 

NO, rail 

HOUR! 

R1 

R2 

RS 

P4 

RIAR 

RE 

R|  NO, 

1 

11 

Sa 

liaoo 

0.15441403 

0,11716903 

57,431 

0,65 

1 

Rl  NO, 

2 

11 

17 

4312 

0,14411903 

0,90516902 

43,984 

0,57 

R1  NO, 

1 

12 

SO 

16104 

0,353aE90S 

0,94146902 

20«563 

0,99 

FOt 

0,94246902 

'A 

Rl  NO, 

0 

12 

7 

9145 

0,20326903 

49,094 

itis 

e>^ 

<. 

Rl  NO, 

9 

12 

« 

714 

0,10016903 

0,21636902 

14,642 

0,29 

c 

R1  NO, 

k 

11 

946S 

0, 15111903 

0,17926902 

15,431 

0,94 

Rl  NO, 

7 

11 

117 

10C09 

0,90211902 

9tl7l9l90S 

4,477 

0,4} 

c 

m  NO, 

a 

12 

SS 

24004 

0,40201903 

-,49416903 

14.311 

0.46 

1 

RJ  NO, 

a 

11 

177 

7649' 

0,14416902 

0,1»706902 

40,797 

0,96 

( 

( 

( 


9Zl 


I 


T  A  B  L  C  4.3  (Cont'd) 

AROEF  MODEL 
6MOUN0  SYSTEM 
DISPLAY 
r  I  I  L  0 


IY8N0 

NO, 7*11. 

HUUM8 

Ml 

M2 

M3 

M4 

MIAR 

ME 

M2 

NO,  1 

0 

IS 

9«2S 

0,9S29E«03 

0,li90l903 

24,919 

0,619 

M2 

NO,  2 

e 

7 

9296 

0,6226e903 

0,3027E903 

33,534 

o,asM 

M2 

NO,  3 

« 

16 

7S70 

o,3ia9e60s 

0,127SE903 

19,611 

0,633 

M2 

NO,  <t 

• 

11 

9925 

o,aa3SE90s 

0,2159E90S 

10,253 

0,751 

M2 

NO,  S 

• 

IS 

«SS76 

0,9SfSC903 

0,5}I0E90S 

32.762 

0,064 

M2 

NO,  k 

a 

9 

22037 

0.36S1E709 

0,1603E904 

31.967 

0,766 

M2 

NO,  7 

a 

9 

95059 

0,1524E909 

0,55966903 

9,022 

0,343 

Ml 

NO,  A 

a 

17 

6979 

0,609|E903 

>,56126903 

16,543 

0,803 

M2 

NO,  9 

a 

la 

11916 

0.5ai6E*03 

0,83106902 

6,570 

0,657 

M2 

NO, 10 

a 

11 

17219 

0,1472f>704 

0,12936902 

0,599 

1,053 

M2 

NO,  11 

a 

s 

2237 

a,sso2e903 

>,16606904. 

1,407 

0,007 

M2 

NO, 12 

a 

(1 

2247 

0,60751903 

0,20506903 

0.902 

0,006 

M2 

NO,  IS 

a 

3 

2332 

0,a732l«03 

0,32116903 

1,646 

^,011 

M2 

NO,l« 

a 

3 

1960 

0,65211903 

0,21016903 

13,206 

0,702 

M2 

NO,  IS 

a 

3 

931 

0,11556905 

>,37126903 

•  1,116 

0,005 

M2 

NO, 16 

a 

9 

3992 

0,67061903 

>,61766902 

1,655 

_ ^0,612 

M2 

NO, 17 

a 

11 

9096 

0,39901903 

>,32106902 

3,426 

0,693 

M2 

NO, 11 

a 

l« 

99319 

0,20591904 

0,51306903 

15,036 

0.266 

M2 

NO, 19 

a 

9 

4SS76 

0,2mC904 

?, 12046904 

21,709 

0,462 

LIX 


T  A  B  L  ti  4,3  (Cent 'll) 

*ROtF  HOOCL 

GHOUNO  SYSTEM 
DISPLAY 
P  I  €  L  0 

(CONTINUCD) 


SvSno 

NO, pail 

HOURS 

Pt 

P2 

P3 

P4 

RBAR 

PI 

NO, 20 

8 

* 

3S328 

0,1750IA04 

••S5S8EA0S 

iS|44e 

1,167 

R2 

NO, 21 

8 

!> 

45221 

0,1132CA0« 

0,lSSOE*ot 

16, *82 

0,371 

RI 

NO,22 

8 

U 

4547? 

0,127tlA0« 

S,«**SI*01 

J 

77, MS _ 

0,jM8 

NO, 23 

6 

to 

452*1 

0,S*78CA0a 

0il23OC«04 

S,*51 

0,310 

ANOIP  HOBCL 
GROUND  SYSTEM 
0  I  t  p  L  A  y 
p  1  C  I  0 


6YSNO 

NO, PAIL 

HOURS 

PI 

P2 

P3 

P4 

R6AR 

RE 

^*3 

NO, 

1 

17 

5 

3766 

0,66611*03 

0,13161*03 

PJ 

NO, 

2 

2 

12 

*33* 

0,S16ie*p3 

0.15006*03 

2*. 77* 

6,617 

P3 

NO, 

3 

2 

6 

657* 

0,27761*03 

0,76216*02 

26,627 

0,531 

128 


CROUNO  tYSTIH 
0  I  I  ^  L  A  y 
IN-HOUSE 


8Y8NO 

NO, RAIL 

HOURS 

R| 

R2 

R1 

R4 

ROAR 

Rl 

R} 

NO, 

1 

7 

17 

2|9S 

0.6796KA02 

0.S519E602 

99,590 

0,624 

RS 

NO, 

2 

7 

S2 

22RS 

0, 60101602 

0,1SOSE602 

20,944 

0,072 

R1 

NO, 

S 

7 

12 

SS22 

0,21I9I60S 

-,5t22E60S 

29,009 

0,976 

RS 

NO, 

a 

2 

SIR 

SAIS 

0,5S70E601 

0«1221C60| 

_  *1750 

0,907 

R5 

NO, 

5 

2 

211 

ASS6 

0,20S6E60t 

•,24||E602 

29,410 

1,009 

RS 

NO. 

6 

1 

6 

4699 

0,49791602 

•,2174(604 

0.227 

0,007 

RS 

NO, 

7 

t 

21 

6144 

0,21471609 

•,92751602 

_  IJtl*^ 

AROir  MOOCl 
GROUND  SY8TCH 
OISPLAV 
1  N  •  H  0  U  S  C 


SVSNQ 

NO, RAIL 

HOURS 

RJ 

R2 

R2 

NO, 

1 

0 

109 

2700 

0,62991601 

0,06441601 

R2 

NO, 

2 

0 

100 

9200 

0,11060602 

0,90690601 

R2 

NO, 

9 

e 

50 

9700 

0,92100602 

0,27090602 

R2 

NO, 

4 

a 

99 

9700 

0,29990602 

0,47420602 

R2 

NO, 

9 

0 

16 

2900 

0,11111609 

0,40690602 

Ra  RIAR  Rf 

ll*A2S  j0,«y8 
90iA7»  O.RIO 
59.622  0(902 
,7_9,>5a  1,12$ 
II.O*!  0,S97 


ground  SVSTEN 
COMROTER 
*  1  E  L  0 


SYSNO 

NO, FAIL 

hours 

R1 

Pi  91 

90 

9809 

9( 

NO,  1 

11 

30 

11090 

0,21671601 

0,1108(601 

29,110 

0,677 

NO,  1 

11 

31 

5701 

0,61251602 

0,0203(602 

100,052 

0,916 

NO,  S 

12 

16 

9165 

0,0578C60} 

0,1590(603 

19,111 

0,110 

NO,  4 

15 

19 

11800 

0,19001601 

•,1118(603 

10,669 

0,910 

NO,  5 

12 

15 

18100 

0,213ie60S 

0,1101(603 

29,035 

0,590 

NO,  6 

16 

5 

2511 

0,05521601 

0,1592(603 

6,695 

0,122 

NO,  T 

15 

9 

il209 

0,91771603 

0,1908(601 

17,295 

0,567 

NO,  S 

15 

7 

18602 

0,2911(600 

•,1152(600 

10.101 

1,019 

NO,  9 

15 

9 

16192 

0,1106C600 

•,1120(600 

12,005 

0,601 

NO, 10 

15 

19 

21095 

0,12151600 

0,6510(601 

17,119 

_ 0,187 

NO, 11 

15 

10 

15701 

0,68151601 

••2603(602 

8,800 

1,111 

NO,U 

15 

17 

21572 

0,1298E600 

0,0190(601 

11,009 

0,609 

NO,  15 

15 

20 

15756 

0,7206(603 

•,2797(601 

10,511 

0,799 

NO,l« 

15 

16 

11960 

0,75221601 

•,0585(602 

0,099 

1,002 

NO, 15 

15 

10 

21680 

0,59051601 

0,2912(601 

19,611 

0,706 

NO,  16 

11 

35 

10123 

0,2159(601 

0,7110(602 

12,638 

0,858 

NO, 17 

12 

01 

20800 

0,6090(601 

0,2931(601 

23,018 

1,072 

NO, 18 

11 

16 

9833 

0,1576(603 

•,1981(602 

15,105 

1,017 

NO, 19 

11 

35 

12101 

0,2280(601 

0,1075(601 

_ 12,599 

Oi.T20 

0£I 


1 


T  A  B  L  I-.  4.3  (Cont'd) 

»  H  0  I  f  HODEt 
CROUNO  IVfTCN 
COHRUTER 
r  i  E  L  0 


SVSNO 

NO, RAIL 

HOURS 

Rl 

R2 

RS 

RO 

RSAR 

RE 

R5 

NO, 

1 

IT 

10 

S94S 

0,22S2E40S 

0,1477Ca02 

104,948 

At ’5* 

RS 

NO, 

2 

2 

14 

ft%74 

0,17SSE«SS 

S,9S14l4S2 

40,4S4 

S.4II 

RS 

NO, 

S 

2 

9 

4SS4 

0,9077EA0S 

•,379SE»0S 

4,22S 

0,«S4 

AROEE  MODEL 
6NOUNO  IVtTEN 
C  0  M  R  U  T  E  R 
1  N  •  H  0  U  I  e 


SVSNO 

NO, rail 

HOURS 

Rl 

R2 

PS 

R4  RSAR 

RE 

Rl 

NO, 

1 

11 

44 

4447 

0,4S4SEa02 

0,S991E402 

S9,04S 

OjTSO. 

NO, 

2 

14 

12 

204S 

0, 98901402 

0,9S98E401 

77,191 

0*994 

Rl 

NO, 

S 

14 

4S 

11189 

0,SSiS|40S 

•,1949E40S 

14*942 

0,992 

Rl 

NO| 

4 

t« 

49 

!CA44 

0,299S140S 

^,14041409 

19,141 

0,914 

Rl 

NO, 

9 

l« 

9 

1792 

0,2SS1I40S 

0,42941402 

0,449 

AROIF  model 
GROUND  SYSTEM 
C  0  M  R  U  T  E  R 
IN*MOUIf 

9YINO  NO,RAli.  HOURS  Rl  RS  RS  R«  RSAR  RE 

R*  NO,  I  _  IJ  _ _ IS  15«0  0,S»rTlY0S _ 0,RmE*01_  _  _  _ _ _ 1«0*0 


6II0UN0  SYSTCM 
COM^^TEtt 
I  N  •  H  0  u  8  e 


NO,  1 

SYSnO 

4 

NO, FAIL 

10 

H0U8I 

172* 

Fl 

0, 19442402 

F2 

e,4ii87E^4ei 

Fl 

F4 

ROAR 

219,^0* 

RE 

NO,  2 

9 

29 

22*1 

0,22821402 

0,12032402 

24,010 

0,444 

NO,  3 

4* 

24 

2370 

0,941*1402 

0, *4442402 

91,390 

0,711 

NO,  4 

4 

1 

3109 

0,41IIC402 

•,23842402 

12,443 _ 

NO,  s 

2 

74 

1419 

0.248SC402 

0,10821402 

19,441 

0.41* 

NO,  * 

2 

*7 

491* 

0,28*71402 

0,11112401 

21,4*3 

1,010 

NO,  7 

1 

9 

•913 

0,31982403 

•,79182404 

14, *89 

0,103 

NO,  fl 

1 

4 

*334 

0,193l!404 

0,19242403 

1*,408 

1.283 

I 


I 

t 


U5H 

CROUNO  lYtTCH 

communications 

1  e  I  0 

8VIN0  NO.FAIt  HOURS  R|  Pf  Pl  pa 


NO,  1 

« 

IR 

ISROO 

0,1944R«9R 

••91928404 

24,294 

NO,  2 

a 

29 

R4I40 

0,11991404 

•,19448404 

90,719 

0,474 

NO,  S 

• 

11 

SIRRR 

0,44f0f404 

•.94448401 

4,419 

1.094 

NO,  a 

a 

11 

41794 

0,14098404 

•,91948409 

19,241 

0,299 

NO,  5 

41 

14 

99440 

0,t90TF.404 

•,17978404 

12,449 

0,499 

NO,  k 

R 

14 

2R920 

0,1774004 

0.44708409 

12,774 

0.491 

NO,  T 

« 

14 

92400 

0,14778404 

0,12718404 

24.494 

0.491 

NO,  6 

« 

99 

R2000 

0,41428401 

0,44141409 

24.444 

0,441 

NO,  9 

U 

R 

44400 

0,92498404 

0,29108404 

27,101 

0,409 

NO, 10 

« 

14_ 

R7900 

0,12998404 

••14498409 

24,427 

0.421 

NO, 11 

« 

29 

44440 

0,11118404 

•,94401441 

17,144 

4,944 

NO, 12 

« 

9 

42040 

0,44948404 

0,27128404 

12,474 

0,940 

-  ^  . 

. 

T  A  a  L  I-  4 .3  (Cont'd) 

AMOCI'  MOOCl 
GROUND  SYSTEM 
SVSTEM*RADAft 

r  1  r  u  0 


SVSNO 

NO, rail 

HOURS 

R1 

R2 

Rt 

NO,  1 

19 

IR 

2S1S 

0,SS17IR02 

0,I949ER02 

R1 

NO,  2 

11 

ITS 

97S1 

O.ISISEROI 

0tlS2TERC2 

R1 

NO,  S 

12 

170 

2RS0R 

0,1SSSER0S 

•,S21RErOS 

21 

NO,  a 

11 

2aa 

78«9 

0,147SCV02 

0,t212CR02 

R1 

NO,  S 

11 

its 

R|S2 

0,109«I«S| 

O.tlOlEROI 

R1 

NO,  fe 

12 

1«S 

ISSOR 

0,S26TER02 

0,SSRTEr02 

R1 

NO,  7 

12 

ST 

916S 

0,9070ER02 

0,ftSSCR0l 

R1 

NO,  S 

11 

200 

7S7R 

e,22Sn«02  0,1272Cr02 

AROER  MOOfL 
GROUND  SYSTE 

S  V  S'T  E  N  •  RAO  A  R 
I  N  •  H  0  u  s  e 

SVSNO 

NO, rail 

HOURS 

R1 

R2 

RS 

NO,  1 

1 

1« 

207S 

0,lt0«ER01 

0,SS9SESOI 

RS 

NO,  2 

1 

ss 

soei 

0,710SER02 

0,21R1CS02 

AROER  MODEL 
GROUND  SYSTE 

S  IT  S  T  tT*  •MICRO 

in-house 

SVSNO 

NO, RAIL 

HOURS 

R1 

R2 

Rt 

_Nq,j_ 

S 

SR 

1112 

q,  MOSER  02 

0,209SEr02 

RS 

RR 

RSAR 

RE 

40,S2S 

0,e59 

2S,90l 

0,799 

9,0S1 

0,St9 

SR.S2S 

0,97S 

STiSOO 

l.OSl 

IS, ISO 

0,76S 

R9,SS0 

0,S97 

2S,R9S'* 

0,9S0 

H 

RS 

RR 

ROAR 

RE 

2s,sse 

0,S92 

IS, OSS 

o,ssi 

WAR  _ 
22.911 


RE 

O.RSO 


134 


T  A  B  L  i;  4  .  3  (Cont  ’d) 

AROEf  MODEL 
GROUMO  tV«T£H 
SVSTEMsNICROHAVE 
r  1  E  L  0 


8V&N0 

NO, RAIL 

HOORt 

Rl 

R2  RS  R4 

R8AR 

RE 

«1 

NO,  1 

5 

17 

407 

0,24S2C4C2 

0,8lSSE*0l 

19,927 

0,924 

"1 

NO,  2 

S 

S4 

1031 

0,S8?1E90I 

0,1894E*02 

16,901 

0,661 

RI 

NO,  S 

5 

S2 

1S7S 

0,6S41E«02 

0,2066i*02 

24.731 

0,972 

Rl 

NO,  4 

S 

48 

7124 

0,6969Ea02 

0,74991*02 

43,897 

0,926 

NO,  5 

S 

44 

2662 

0,S888E«02 

0,170lE*08 

16,409 

1,005 

R1 

NO,  * 

4 

IIS 

42076 

0.2927E90S 

0,4849C*02 

9,832 

0,983 

R! 

NO,  T 

4 

S2S 

46616 

0,9043E«OI 

0,76199*01 

23,292 

1.020 

RJ 

NO,  S 

4 

299 

47896 

0,12861*01 

0,1096E*0S 

39,917 

0,918 

Rl 

NO,  9 

4 

201 

46798 

0,10911*03 

-,42161*02 

19.168 

1,017 

Rl 

NO, 10 

5 

S 

161 

0,2734E*02 

0,98*9E*01 

9,835 

0,900 

NO, 11 

1 

29 

2767 

0,76791*02 

0,44S7E*e2 

17,432 

0,682 

NO, 12 

4 

IS} 

SS400 

0,1669I*0S 

•,1420C*0S 

14,999 

0,979 

«l 

NO, IS 

4 

477 

42618 

0,S629E*02 

••194SE*02 

13.951 

1,000 

Rl 

NO,  14 

4 

S60 

S2800 

0,60S7I*OI 

0.4671E*02 

33,858 

8,909 

Rl 

NO, IS 

4 

201 

24920 

0,88411*02 

0,27(*}E*02 

19,798 

0,998 

Rl 

NO, 16 

4 

SOS 

13680 

0,89041*02 

••38677*02 

12,127 

0,983 

Rl 

NO, 17 

4 

isi 

41794 

0,2278E*03 

0,1737E*03 

11.996 

0,937 

Rl 

NO, 11 

4 

IS4 

51440 

0,188SE*OS 

0,13411*03 

19, m 

0,772 

Rl 

NO, 19 

4 

S46 

46840 

0,97611*02 

•,610tE*02 

20,096 

Rl 

NO, 20 

4 

1S4 

18240 

0,96921*02 

0,2993C*08 

18,986 

Si' I 


1 

• 

_ .-t,  c 

NE 

0,291 

NO,  1 

SV9NO 

12 

N0,F41L 

T 

NOUNS 

18304 

T  A  3  L  i-  4.3 

1  I  M  8  L  E 

c  a  0  u  N  0 

i  N  T  C  N  N 
T  I  E  L  0 

Nl 

0,8002E«03 

(Cont '  d) 

EXPONENTIAL 

8  V  8  T  E  H 

A 

P2  P9 

0,f878E*04 

84 

RBAR 

14,828 

NO,  2 

12 

1 

24804 

0,120SE404 

0,8818l«04 

18,482 

0,078 

NO,  1 

9 

1 

2T8T 

0.1T09E404 

•.1«12E>02 

8,888 

0,288 

NO,  a 

5 

f 

3092 

0,9990E«02 

0,8424E*09 

19,018 

0,090 

NO,  S 

9 

8 

19TS 

0,4198E«02 

0.1T98E>02 

99,120 

1.871 

NO,  6 

9 

8 

T124 

0,1448l«09 

0.9283e-01 

14,748 

0,194 

NO,  T 

9 

4 

2889 

0,4898E«03 

0,928lE-04 

19,084 

NO,  8 

9 

T 

40T 

0,2844E402 

0,28f8E«02 

28,984 

0,880 

NO,  • 

a 

18 

42080 

0,1487E404 

0,1818e-04 

21,408 

0.889 

NO, 10 

8 

14 

48800 

0,19TSCf04 

C,t99fE«04 

20,884 

0,888 

‘!0,U 

4 

29 

4TfOO 

0,1B02E«04 

0,122fE«04 

19,947 

0,918 

NO, 12 

4 

«1 

46880 

0,6208E*09 

0,8«S4e«OS 

22,889 

1,049 

NQ.ll 

4 

T9 

48840 

0,4211E409 

0,8S18f*09 

11,918 

NO,l« 

4 

19 

91440 

0,228ei40S 

•,9f5fE-04 

28,828 

0,799 

NO,n 

4 

28 

91Tf8 

0,STOSE*09 

o,sii2e«o« 

22.197 

0,377 

NO, 18 

4 

99 

18240 

0,287TE«09 

0,2I8«E»04 

0,822 

NO, IT 

4 

59 

39880 

0,19ME404 

•,143|E»04 

_ 

8.918 

0,999 

N0,1B 

4 

14 

24820 

0,1739EtO4 

•*987IE*04 

17.198 

O.i'i 

NO, If 

4 

_ 

9280 0_ 

0,29211809 

0,S108E«00  _ 

18,288 

0,29^ 

NO, 20 

4 

•  0 

42000 

0,27f9C809 

0,8849E>09 

8,804 

0,80? 

NO, 21 

4 

22 

99400 

0,2412E804 

•,lf7fE*0« 

29,798 

0,720 

I 


T  A  iJ  L  H  4.3  (Cont'd) 

•  t»fONEt*TlAL 

GROUND  lyeTEN 

antenna 
IN-HOUSE 


SVSNO 

NO, fail 

HOURS 

SI 

S2  SS  S4 

ROAR 

RE 

RS 

NO, 

I 

t 

4 

3031 

0,47141902 

0,110t2*02 

15,373 

0,045 

R} 

NO, 

2 

1 

$ 

SOBS 

0,33S0E902 

0.1305E-02 

113,363 

2,425 

Rl 

NO, 

J 

IS 

4 

3022 

0,24342903 

•,33422-03 

P,244 

1,040 

S  I  M  S  L  2 

ERSONEnTIAL 

GROUND 

S  y  1  T  E  H 

Radas 

—  — - 

—  - - -  _ 

FIELD 

srtNo 

NO, SAIL 

HOURS 

SI 

S2  S3  S4 

ROAR 

RE 

R1 

NO, 

1 

14 

14 

2S13 

0,23172902 

0,«4S3E-03 

34,401 

RI 

NO, 

2 

12 

44 

24004 

0,24991903 

•,104SE-04 

9,413 

0,743 

^  R 1 

NO, 

1 

It 

70 

4751 

0,27301901 

0,25042-03 

52,123 

0,477 

NO, 

4 

12 

34 

9145 

0,11332903 

.0,10942-03 

10,029. 

0,414_ 

»i 

NO, 

S 

12 

4 

714 

0,73102902 

0,11592-02 

10,930 

0,171 

SI 

NO, 

* 

12 

77 

10304 

C, 10031903 

0,11*92-04 

10,944 

0,93* 

SI 

NO, 

7 

11 

71 

4302 

0,12752902 

0,44152-03 

14,207 

0jl*7 

SI 

NO, 

6 

11 

129 

7574 

0,32772902 

0,74S3E-04 

10,703 

0,925 

6H0UN0  SYSTEM 

RADAR 

1  N  •  M  0  U  S  E 


SVSNO 

NO.AAIL 

muuri 

Rl 

P2 

R3 

R4 

RIAR 

RE 

RS 

NO. 

1 

1 

21 

S3SS 

0,6S6SC«02 

0,l3in«03 

26,3S7 

0,3I0_ 

R3 

NO, 

2 

t 

3 

2076 

0,«OSOC402 

0,2030E-02 

52,178 

0,64S 

R3 

NO, 

3 

IS 

IS 

3822 

0.S00SE60I 

0,3l0se*03 

25,024 

0,683 

R3 

NO, 

a 

IS 

II 

5370 

O,2000EA0S 

•«l002t>0S 

10,340 

0,211 

R3 

NO, 

3 

IS 

II 

S6S0 

0,20361*03 

0.127IE-03 

20,333 

0,841 

nil 


\ 


1 

T  A  3  L  1-  4.3  CCont'd) 

IIMPLC  (XPONIN 

6P0UN0  0V8TCH 

T  1  A  L 

1 

M  1  C  8  0  M 
7  12  10 

A  y  2 

SVBNO 

N0,7*IL 

HOUKI 

PI 

82 

PI  P4 

BBAP 

n 

"1 

NO,  1 

« 

114 

4I07B 

0,10101601 

0,907B2«09 

B.Vil 

rrOBO 

NO,  2 

« 

29B 

4BBB0 

0,74672601 

0,I0142>04 

8,512 

0,109 

»! 

NO,  } 

0 

240 

47BBB 

0,7113I*02 

0,|7ai2*04 

10,118 

0,209 

»l 

NO,  A 

4 

IBS 

4B7B8 

O,0BOOE6OI 

0,2t692*04 

0,681 

0,171 

NO,  S 

s 

10 

407 

O,1192l«02 

0,B1212>01 

20,840 

1,133 

R1 

NO,  6 

5 

40 

?B6S 

0,60772602 

•,4B142«09 

16,71B 

1,019 

«l 

NO,  7 

S 

2B 

1173 

0,160BE601 

•  ,  14972b02 

12,01 1 

0.167 

NO,  B 

5 

42 

7124 

0,46641602 

0,2049l«09 

11,478 

0,082 

f»l 

NO,  B 

S 

49 

1032 

0,42692602 

0,11402>01 

11,679 

0,672 

Ml 

NO, 10 

9 

4 

IBl 

0,1B47260I 

0,4940f*02 

2,332 

0,012 

NO, It 

9 

26 

2767 

0,91132602 

O,|0«12>O1 

15,866 

0,179 

NO, 11 

a 

147 

19N00 

0,22762601 

•,7961t»01 

12,040 

0,011 

it 

NO, 13 

B 

102 

4261B 

0,71602602 

0,1I132>04 

11,17B 

0,690 

NO,|A 

« 

2B1 

12000 

0,40072602 

0,11492«04 

12,B62 

0,141 

R1 

NO,l* 

A 

ITI 

24B20 

0,77262602 

0,|4602«04 

12,993 

0,598 

NO, IB 

4 

291 

136B0 

0,02172602 

0,tl8B2>04 

B,007 

0,686 

ni 

NO, 17 

4 

14B 

10240 

0,50962602 

0,47722«04 

0,12B 

C,112 

ni 

NO, IB 

4 

142 

417B6 

0,16212603 

0,17902-04 

17,B16 

0,422 

Ml 

NO, IB 

4 

IBO 

11440 

0,12092603 

0,20402-04 

11,660 

0.210 

R1 

NO, 20 

4 

BS! 

46034 

0,94002602 

0,llBB2-04 

0,62B 

0,348 

no 


T  A  i)  L  I;  4.3  (Cont'd) 

•  EXPONENTIAL 

^POUND  lYtTEN 

M  1  C  P  0  W  A  V  C  - 

I  N  •  H  0  U  I  e 

SVINO  NO, mil  HOURP  PJ  pi  pi  Ptt  RBAR  PE 

PI  NO.  I  s  IS  nil  o.ioopETOi  o.fc<»POE«os  ii.sn  o.ps* 


IIHPLE  EXPONENTIAL 
6P0UN0  IVtTEN 
0  I  •  P  L  A  V 
FIELD 


8VSN0 

NO, FAIL 

HOUPf 

FI 

PI 

PI 

PO 

PNAP 

PC 

PI 

NO, 

1 

11 

SO 

1109Q 

0,404«EAOI 

0,1779E«0S 

18,000 

0,191 

PI 

NO, 

1 

11 

IT 

osai 

0,SSI9CO0l 

0,0047E>OS 

19*191 

0,250 

R1 

NO, 

I 

11 

SO 

lasoo 

0,I7|TEA0S 

0,11011*00 

IS, 919 

0,910 

^Pl 

NO, 

tt 

11 

7 

«1AS 

e,70«aEA0i 

o,ssiii*es 

81,971 

0,089 

PI 

NO, 

s 

11 

0 

710 

0,liaAEt0l 

o,sassf*oi 

00,119 

0,909 

PI 

NO, 

A 

11 

OP 

0A6S 

0,1IITI«01 

0,S941E*eO 

10,901 

0,91S 

P» 

NO, 

T 

11 

117 

ioaoo 

OtlOTlEAOS 

*,19191*00 

9,991 

0,820 

PI 

NO, 

a 

11 

ss 

loaoo 

0,A90SEA0I 

*,|*94I*0S 

14,991 

1,0S1 

PI 

NO, 

♦ 

11 

ITT 

TiOf 

0,99A0Ea01 

0,||79C*0S 

7,917 

0,080 

\ 


r . .  .  ■ 

T  A  B  L  L  4.3 

8  I  M  M  L  e 

6  N  0  U  N  0 
D  I  8  M  L  A 
F  1  L  L  D 

(Cont'd) 

E  X  M  0  N 
S  V  •  T  S 
V 

8  N  T  1  A  L 

f 

8V 

NO  NO, fail 

HOUMS 

Ml 

M2 

Ml  M4 

MBAM 

ME 

NO,  1 

IS 

8«2S 

0,28711801 

0,870«E*0« 

7,188 

0,084 

M2 

NO,  k 

7 

8208 

0,2888E«0S 

0,1704E>OS 

7,878 

0,011 

M2 

NO,  S 

1* 

7S70 

0,2080E80S 

0,1117E-01 

4,827 

0,011 

M2 

NO,  d 

11 

8a2S 

0,888SI80S 

e,18t0C-04 

S,888 

0,11S 

M2 

NO,  5 

IS 

4«S78 

0, 10121801 

0,4704E*04 

12,888 

0,081 

M2 

NO,  h 

« 

220S7 

0,18142808 

0.8l87e«0« 

4,288 

0,008 

Ml 

NO,  ? 

0 

4S0S8 

0,801I280S 

0,4847E-04 

18,880 

Ol”*  _ 

M2 

NO,  S 

17 

8874 

0,12171804 

•,8S88E*04 

10,178 

0,141 

M2 

NO,  « 

18 

11818 

0,80001801 

0,I188I>04 

2,747 

0,148 

M2 

NO, 10 

11 

17218 

0,14S4C804 

0,llt0l«0S 

0,801 

0,801 

Ml 

NO,  11 

S 

2217 

0,2S88C804 

•,871tE*01 

4,781 

0,088 

i"* 

NO,12 

0 

22M7 

0,11781801 

0,27S8E*0S 

8,717 

0,107 

Ml 

NO, IS 

s 

2SSI 

0,11081801 

0,40I*8«0S 

10,888 

0,120 

Ml 

NO,l« 

s 

1880 

0,14171801 

0,ll2SE*es 

8,182 

0,087 

M2 

NO, IS 

s 

811 

0,88411801 

•,148IEv0l 

4,187 

0,082 

M2 

NO, 10 

« 

S«82 

0,87871801 

••S1SSE>04 

0,847 

0,187 

M2 

NO, 17 

tl 

«088 

0,41771801 

•,|8*8E-08 

2,258 

0,407 

Ml 

NO, 18 

u 

88S18 

0,88701801 

0,180TI»04 

42,228 

0,824 

Ml 

N0,1M 

8 

«SS78 

0,87101881 

0,48208*04 

20,780 

0,288 

M2 

NO, 20 

8 

SSSI8 

0,21281808 

•,t881t*08 

17,884 

1,180 

% 


1 


I 


JL 


T  A  U  L  L  *i,3  tConf.l) 

31HPLE  EXPUNCNIIAL 
«  1  R  B  U  n  N  E 
system,  infrared 

FIELD 

(CONTINUED) 


SYSNO 

NO, fail 

hours 

R1 

R2 

R5 

R4 

RBAR 

RE 

R2 

NO. 21 

6 

5 

43221 

0.10MI«(I4 

0,*734E»04 

34.142 

1,0*0 

R2 

NO,  22 

I 

u 

aS477 

0,24S*EA0} 

0,**72C«04 

34, J6* 

0,745 

R2 

N0.2S 

S 

10 

432*1 

0,t411EA04 

0,2SS22*04 

24,112 

1,130 

cl'l 


k-r 


( 


( 


t 

\ 


( 


T  A  U  L  !■  4.3 

•  I  M  R  L  E 
GROUND 
D  !  S  R  k  A 

FIELD 

(Cont'd) 

efronential 

SYSTEM 

V 

SVINO 

NO, FAIL 

HOURS 

R1 

R2  R3 

PR 

RBAR 

R3 

NO, 

1 

IT 

3 

37S« 

0,$*25E«02 

0,6900E>03 

R4.17S 

RS 

NO, 

2 

2 

12 

R33« 

0,lS6lf«0S 

0.17SSC»03 

10,R3S 

RJ 

NO, 

3 

2 

• 

«17R 

0,R*R3E«02 

0,SI97e*03 

SI. *35 

•  ImRLI  EFRONCNTIAL 
GROUND  SYSTEM 

0  I  •  R  L  *  V 

1  N  >  H  Q  U  S  E 

RVINO 

Nn,FA!L 

HOURS 

FI  Rl  P3  PR 

RBAR 

R2 

NO, 

1 

6 

105 

2700 

0,4154E40t  0.S10tE>03 

R| 

NO, 

2 

1 

too 

3200 

0,3620l«0}  0,*2*5E«0I 

_ 

13,015 

R2 

NO. 

3 

a 

50 

3700 

0,1«2IEA02  0,S*14e«03 

15,405 

R2 

NO, 

fl 

1 

33 

3700 

0.1230e«02  0,*7«IC>0S 

R2 

NO, 

5 

s 

1* 

2500 

0.IO7SIA02  0,3501E«OS 

12,690 

RE 

O.IC 

0,31 


RE 

o,to 

0,l« 

0,27 

0.16 


( 


I 

C 

c 


c 

c 


i 


t 


T  A  il  L  1-  4.3  (Cont'd) 

SlHPLE  tXPOWNTlAL 
6N0UND  SYtTCM 
D  I  a  r  I  A  V 
I  H  •  H  0  U  I  e 


as 

NO, 

1 

sraNo 

7 

NO, FAIL 

17 

HOUNa 

2191 

^1 

o,27aacA02 

22 

o,«io2t*as 

23 

24 

RBA2 

23,281 

2E 

0,49it 

AS 

NO, 

2 

7 

32 

22a« 

0,34392702 

0,||9SC>03 

29,207 

0,7i7 

RS 

NO, 

3 

7 

12 

3322 

0,374SC«03 

•,|098E*03 

27,377 

!,096 

R3 

NO, 

« 

2 

sa« 

3«19 

O,4AOaf70t 

0,13A|C>01 

4,937 

_  ?»*•* 

NO, 

9 

2 

211 

aas* 

0,9397e702 

••224AC*0S 

18,708 

0,473 

«3 

NO, 

6 

1 

A 

AA92 

0,414SI704 

•,22«ie>02 

9,746 

0,029 

RS 

NO, 

T 

1 

21 

*144 

0,2a40t703 

•,|0T7E«04 

13*414 

1.0A9 

( 

c 

c 

c 


t 

I 

1 


»>l 


I 


T  A  U  L  I-  4.3 

1  1  N  H  U  1 

C  R  0  U  N  0 

(Cent  MI 

fX>0N2NT19i, 

6  V  8  T  2  N 

C  0  M  H  u  T 
H  1  E  L  0 

2  H 

8V8N0 

NO.HAlL 

MOUH9 

HI 

H2  H3 

H6 

HI9H 

HE 

Ml 

NO,  1 

11 

3a 

11990 

0,11991901 

0,10972>03 

13,991 

0 ' 1 15 

NO,  2 

11 

33 

5705 

0,175SE902 

0«9031E-03 

31,172 

0,419 

«l 

NO,  3 

12 

19 

91b5 

e,9802C902 

0,25942-03 

57,391 

0,579 

HI 

NO,  « 

15 

19 

11600 

0,4477E963 

•,22592-04 

10, 355 

_ 0,918 

m 

NO,  5 

12 

35 

16309 

0,1104e903 

0,11352-03 

32,289 

0,549 

HJ 

NO,  k 

19 

5 

2511 

0,1896Cv63 

0,92192»03 

29,812' 

1,000 

HI 

NO,  7 

15 

9 

11209 

o.suaeaol 

0,63952-09 

5,691 

0»0.51 

Hi 

NO,  • 

15 

7 

16912 

0,65971906 

•,2597l*06 

11,253 

0,793 

HI 

NO.  9 

15 

9 

19192 

0,17911906 

-.29022-06 

15,873 

0,871 

HI 

NO, 10 

15 

19 

23995 

0,97902903 

0,35961-06 

0,681 

HI 

NO, 11 

15 

10 

15741 

9,99302903 

0,14072-04 

10,605 

0,950 

HI 

NO, 12 

15 

17 

23572 

0,92972903 

0,21192-04 

5,037 

0,195 

HI 

NO, 13 

15 

20 

15759 

0,61372901 

-,77932-05 

*_*»•*• 

0,?95_ 

HI 

NO.ia 

15 

19 

13990 

0,79592903 

-,78932-09 

6,391 

1,070 

HI 

NO, 15 

15 

Sa 

21960 

0,39012903 

0,10602-06 

9,050 

0,150 

HI 

N0,1* 

11 

35 

10323 

0, 1^32963 

0,57962-06 

3,844 

0,054 

HI 

NO, 17 

12 

ai 

29609 

0,69502903 

0,19662-06 

20,205 

0,995 

Hi 

NO, 16 

11 

39 

9633 

0,69972903 

-,42772-04 

11,092 

0,989 

HI 

NO, 19 

11 

35 

12141 

0,12262903 

0,10122-03 

11,081 

0,125 

\ 

0 

I 

I 

( 


T  \  »  L  1-;  4.3  (Cont'd) 

SIM^LC  CXPONCNTIAL 

CKOUND  avSTIM 

coMauTia 

F  I  I  L  0 


SVBNO 

NO, FAIL 

HOURB 

Rl 

Pi 

Rl 

R4 

RBAR 

RE 

R5 

NO, 

1 

JT 

10 

SR65 

0,Sa70C*02 

C,71B7e>0S 

1U,1« 

0,142 

RS 

NO, 

2 

2 

IB 

RS74 

0,S7«BE*0I 

0,412BE*0S 

14,145 

0,444 

RS 

NO, 

i 

2 

« 

ASI6 

0,SS9IE«eS 

<?.9SSIC«04 

B,4as 

0,411 

( 

2  1  H  ^  L  C 
GROUND 

EXRONENTIAL 

B  V  B  T  E  M 

L 

C  0  HR  0  7 

1  N  •  H  0  U 

in  _ 

B  E 

i 

SYBNO 

NO, fail 

HOURS 

Rl 

R2  Rl 

R4 

RBAR 

RE 

Rl 

NO, 

1 

11 

44 

4447 

0,2S04Ea02 

0,14741 *01 

l4,4Mi _ 

0,174 

1 

Rl 

NO, 

2 

14 

12 

2041 

0,12921402 

V,1714E«02 

1SS(B14 

1,144 

( 

5^*1 

NO, 

1 

14 

4} 

tlIBB 

B,47B0I4#S 

•,4444l«04 

lltOlS 

6,447 

1 

«l 

NO, 

a 

l« 

41 

14444_ 

B,4|4tl401  . 

■i4427t*»04  _ _ 

B,79A 

—•j4e4 

C 

Rl 

NO, 

5 

14 

f 

2742 

0,1717E401 

0,|B04E»01 

2(144 

0,047 

(.  lIMateeXFONENTIAl 

GROUND  tVlTEM 

C  O  M  r u  T  e  “  -  -  -  - 

(  1  N  •  H  0  U  t  I 

SV8NO  NO.FAK  hours  Rt  Pi  Pi  P»  RBAR  RE 

t 

_  Rl  NO,  I  1J_  _  15«0  O^SSBREFOt  •,|Bf7I*0S _ IBtSBE  liOOO 


c 

t 


t 


t 

T  A  13  L  E  4.3  (ContM) 

{  •IH^LIEXl*0t.eNT14L 

6NOUNO  SYS  T,  CM 

eOMPUtCN 

(  1  N  .  H  0  u  8  e 


1 

8VSNO 

NO, 7411. 

houms 

Ml 

Ml 

MS 

M« 

IIB4M 

ME 

{ 

its 

NO, 

1 

9 

10 

1738 

0,l7«8t9et 

C,S0S9C«03 

88,784 

0,737 

( 

MS 

NO, 

3 

9 

2S 

3381 

0,l«sif903 

0.90981-0B 

8,870 

0,0S7 

MS 

NO, 

S 

9 

3« 

3S70 

0,315SE903 

o.7fS8e>es 

19,358 

0.158 

MS 

ND, 

<1 

9 

S 

BIOS 

0,7S9Sf903 

•,S388f-02 

13,S8B 

_ ^1,838 

MS 

NO, 

s 

3 

7« 

B41S 

0,1I3M|903 

0.38S48X0S 

3.78S 

0.018 

MB 

NO, 

8 

1 

*7 

«SS8 

0,31971903 

Oi3S«ll>OS 

ll,8aB 

0,331 

( 

MS 

NO, 

7 

t 

S 

891S 

O,78SOC90« 

•,S388CbOB 

ie,M9 

_0,885 

c 

MS 

NO, 

8 

1 

a 

8SB9 

o.ie9tC90« 

0,897SC»0« 

17,880 

1.B38 

I 


I 

f 

I 

t 

c 


( 


MAR 


T  A  li  L  L  4.3  (Ccnt’d) 

8IMRIE  fKRONtNTI 
GROUND  SYSTEM 

COMMUNieATIONS 
E  1  C  t  0 


SVSNO 

NC.EAlL 

HOURS 

R1 

R2 

R1 

NO,  1 

4 

14 

35400 

0,18S8E4D4 

••1012E>q5 

R1 

NO,  2 

4 

25 

4*640 

0.1151E404 

0.7SS3I*05 

R1 

NO.  3 

4 

11 

51440 

0,47002*04 

•,1897E»0I 

R1 

NO,  4 

4 

11 

4179S 

0,59*01*85 

.•,*0S9Er|4 

R1 

NO,  5 

4 

1* 

33*80 

9,25*21*0* 

•,f495e90* 

R1 

NO,  * 

4 

1* 

24920 

0,11101*04 

0,2150E»04 

R1 

NO,  7 

4 

1* 

32600 

0,0*75C*01 

0,1147C>04 

*1 

NO,  S 

4 

95 

42000 

0,21271*01 

0,r540E*84 

R1 

NO,  4 

4 

4 

4*800 

0,2ilOE*04 

0,150SE«04 

R1 

NO, 10 

4 

3* 

47900 

0,10*71*05 

^,4417E*04 

R1 

NO,  11 

4 

23 

4*0*0 

0,1S20E*04 

0,2130C«05 

il 

NO, 12 

4 

3 

42080 

0,42tSE*04 

0,S049C>04 

P4 


27, *47 


a*. *75 

*,S1S 

11.154 

at. 1*7 

a*,a49 

14.129 

15,74T 

U.asi 

11,121 


RE 

1,107 

1,017 

1,001 

o.aio 

0,4*5 

0,9*0 

0.295 

0,717 

0,201 

0,JN9 

1,0*5 

1,012 


IlMRLE  IXROHSNTIAL 
GROUND  SYSTEM 
c"o"M'M  oKT'e  A  T  ro‘N-8  ” 

I  N  •  H  0  U  s  e 


SYSNO 

NO, RAIL 

HOURS 

Rl 

Rl 

Rl 

R4 

RRAR 

"2 

*1 

NO,  1 

2- 

20  _ 

0,1250E*OI 

0(I88SC>04 

7,4*4 

_ 1,007 

NO,  2 

2 

10 

451* 

0.1271E*01 

0,40S7E*01 

17,11S 

1,310 

>•  I'; 

-  >  /  *  - 


*•.*!  *  “'*  Y  ^  **>*■•♦ 

***  ^  ■  i.-.oCT— f,  t  ^ 


8»I 


i^L 


L 

( 


C 


T  A  B  L  !■  4.3  (Cont'd) 

IlHFie  exf^ONCNTIAL 
CR3UN0 

IVITCM.tADiR 

FIELD 


8Y8NO 

NO,F*Ic 

HOURS 

Rl 

R2 

P3 

R« 

RBAR 

R1 

NO, 

1 

1* 

29 

2sn 

0,21«II402 

C,T9«1I*03 

29,070 

(  R1 

NO, 

2 

11 

178 

6791 

0,l*22EA0t 

0,l*7fiE>CS 

14,67* 

Rl 

NO, 

3 

12 

170 

24804 

0,l4*lf«0S 

•,312*C»09 

9,517 

R1 

NO, 

« 

11 

2*4 

7149 

0,9S77lA0t 

0,1824E«ri 

_7,130 

Rl 

NO, 

S 

11 

114 

4S82 

0,9227C401 

0,9711E«03 

16.360 

Rl 

NO, 

* 

12 

148 

18304 

0,*009e«02 

0,4184C-04 

0,802 

Rl 

NO, 

7 

12 

S7 

91*9 

0,18201*02 

0,20151-03 

22.660 

C  »l 

NO, 

8 

11 

200 

7974 

0,19992*01 

0.12421-01 

7.951 

RE 

0«*0k 

0.1S7 

0,979 

0,0*2 

0,120 

0,218 

_0j^515 

0,100 


8IMFLI  EXFONINTIAL 
GROUND  IVlTEN 
S  V  I  T  I  M  m-r  k  D  A  R 
!  N  «  H  0  U  S  C 


SY8NO 

NO. FAIL 

HOUR! 

Rl 

R2 

R* 

R4 

ROAR 

RE 

<F 

R3 

NO.  J 

1 

14 

207* 

0,44|«E*0I 

0,019SE-0} 

2*. *79 _ 

Rl 

NO.  2 

1 

9} 

9089 

0,41701*02 

d.i9eoc-oi 

10.014 

C,*90 

< 

SIMPLE 

e  X  R  0  N 

E  N  7  I  A  L 

GROUND 

0  V  1  T  E 

M 

1  V~8  7  T  M 

•  M  rc  R  0 

N  "A 

< 

I  N  •  H  0  U 

•  E 

SVINO 

NO, FAIL 

HOURS 

Rl 

Rl 

Rl 

R4 

ROAR 

RE 

■c 

_ ^Rl 

NOi  1 _ 

_  9 

*9 

1J22 

0.1090E*OI 

Cf7100E-09 

17.049 

» 

— 

1 

I 


0^1 


I 


\ 


( 

T  A  11  L  1-  4.3  (Cont'd) 

8IN8LE  CXPON 
C80UNO  8Y8TE 

•  Y8Tt«-MIC80 
8  1  E  L  0 

8 

h 

w 

N  T  I  A  L 

A  V  8 

8V8NP 

N0,r4lL 

H0U88 

PI 

P2 

P3  P4 

ROAP 

RE 

1 

•  J  t 

5 

17 

407 

0,2017e902 

0,5IS4i>03 

20,852 

1,097 

•J  NO,  2 

5 

54 

3031 

0,279SE«02 

0,239|E»03 

9,918 

0,111 

•  1  NO,  \ 

5 

S2 

1373 

0,83941902 

-*S7438*0S 

24,281 

0,789 

R1  NO,  0 

5 

48 

7124 

0,3829C907 

0,2171C«03 

12,902 

0,110 

»»  NO,  5 

5 

44 

2992 

0,90S9E902 

••80718-04 

18,890 

0,985 

Ml  NO,  h 

4 

1S9 

42079 

0,25741903 

4,5878L»0S 

9,045 

0,493 

«|  NO,  7 

4 

SIS 

49859 

0,97911982 

0,1971E«04 

8,484  _ 

0,201 

c 

R1  NO,  8 

4 

299 

47899 

0, 72788902 

0,2248E»04 

17,409 

0,277 

K1  NO,  9 

4 

201 

49798 

0,8491C902 

0,20378*04 

9,101 

0,214 

1 

R1  NO, 10 

5 

5 

191 

0,1977|902_ 

0,29738*02 

8,399 

0,218 

♦  •* 

»1  NO, 11 

5 

i9 

2797 

0,82201902 

0,24228*03 

15,083 

0,439 

3  * 

4  ^ 

i 

•  1  NO, 11 

4 

183 

35400 

0,19881903 

*,10428*04 

18,873 

0,805 

81  NO, IS 

0 

477 

41918 

8,49988902 

0,13088*04 

9,248 _ 

't 

1 

81  NO, 10 

4 

S90 

32800 

0,38921902 

0,31308*04 

13,481 

0,143 

81  NO, 15 

4 

20S 

24910 

0,7158l<02 

0,20798*04 

11,031 

0,929 

t 

81  N0,1* 

4 

302 

33980 

0,77331902 

0,79278*08 

9,859 

0,892 

C 

81  NO, 17 

4 

181 

41794 

0,14818903 

0,17788*04 

19,099 

0,442 

( 

81  NO, 18 

4 

184 

5144C 

0,13038903 

0,19988*04 

11.301 

0,287 

81  NO, 19 

4 

549 

49840 

0,47198902 

0,12188*04_ 

9j^901 _ 

i( 

81  NO, 20 

4 

184 

18240 

0,43348902 

0,42888*04 

10,298 

0,218 

t 

1 

1 

1 

- 

T  A  B  L  t  4 
0  0  A  N  E 

A  I  R  8  0  R 
A  N  T  E  N  N 
I  N  -  M  0  U 

•i^O  DEL 

N  E 

A 

3  E 

i 

3Y3NO 

NO, FAIL 

MOORS 

PI 

P2 

P3 

P4 

RBAR 

RE 

NCI. 

1 

25 

b 

153'J 

(  ,2,74t^01 

0,b94bE«03 

0,Sei8EAOO 

0,1023£f00 

39,107 

1,543 

( 

»2 

NO, 

2 

27 

20 

1400 

0,7570E*00 

0,194l£f02 

0,582bEA00 

0,4037E-01 

13,459 

0,171 

( 

R2 

NO, 

3 

27 

H 

400 

0,6583t AOO 

0.1b99E<C2 

0,3a33EF00 

0,9155E.0l 

32,080 

2,248 

»2 

NO, 

4 

27 

21 

1200 

0,5372Ea00 

0,4150Ea01 

0,S93bEA00 

0,1144Ea00 

25,559 

0,304 

«2 

NO, 

5 

27 

52 

bOOO 

0,b237EAOO 

0,10b3EF02 

O,5046EaOO 

0,b239EA00 

24,7b0 

C,50b 

( 

0  U  A  N  E 

A  I  R  B  0  R 

MODEL 

N  E 

( 

radar 

I  N  -  H  0  U 

3  E 

( 

SYSNO 

NO, FAIL 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

-»2 
vt  - 
o 

«2 

NO, 

1 

27 

162 

4468 

0,b9b4E^0O 

0,3350EA01 

0.b23UY0n 

0,47b3E900 

15,003 

0,459 

( 

NO, 

2 

27 

«3 

1000 

0,48b7E«00 

O,44OOEt0O 

0,3341CaOO 

0, 45771*00 

25,172 

0,147 

c 

H2 

NO, 

3 

25 

332 

217b 

0,49b7EA00 

0,l3T7E-0l 

0,4b3tE900 

0,2303E*01 

lb, 345 

0,145 

«2 

NO, 

a 

25 

515 

3984 

O,9724EfO0 

0,t07aE«02 

0,e999EA00 

0,2896E*ei 

13,804 

1,113 

€ 

R2 

NO, 

5 

27 

27 

400 

0,SR94E«00 

0,lb37E*0l 

0,4377E900 

0,4094E*00 

25,533 

0.987 

• 

H2 

NO, 

6 

27 

42 

1300 

0,4727Ea00 

O,4733Ea00 

0,5719|40C 

0,a720E*00 

25,418 

0.13b 

c 


1 

c 


151 


1 

f 

i 

i 

1 

) 

! 

1 

. . 

t 

V 

1 

T  A  H  L  i:  4 
DUANE  ^ 
A  '  R  B  0  N 
0  i  S  P  L  A 
I  N  •  H  0  U 

.4  (Cont'd) 

N  0  D  1  L 

N  E 

y 

S  E 

SVSNU 

NO, FAIL 

hours 

PI 

P2 

PI 

P4 

R6AR 

RE 

»2 

NO, 

1 

27 

13 

1100 

O,04tl5EAOO 

0,52191*02 

0,50691400 

0, 1C161400 

19,634 

2,240 

1 

»2 

NO, 

2 

27 

h 

4100 

o,aio2tAoo 

0,30721402 

0.394161400 

0,67521-01 

29,073 

1,213 

< 

B2 

NO, 

3 

2S 

50 

3992 

0,72051400 

0,17501402 

0.59331400 

0,67041400 

26,466 

4.423 

R2 

NO, 

a 

27 

13 

eoo 

0,7219E400 

0,2291E402 

0,413061400 

0,50641-01 

20,727 

0,333 

( 

B2 

NO, 

s 

k7 

63 

9996 

0,62611400 

0, 33151402 

0.66361400 

0,1525F400 

10t2e3 

0,446 

( 

»2 

NO, 

h 

25 

1 1 

1200 

0,65061400 

0,30091402 

0,36601400 

0,6256F-01 

24,523 

0,160 

(. 

f 

0  U  F  N  1 

A  I  R  U  U  R 

MODEL 

N  E 

1 

C  0  H  P  U  T 

I  N  -  M  L*  U 

1  R 

S  1 

Jt 

3VSNO 

NO, FAIL 

HOURS 

PI 

P2 

P3 

P4 

ReFR 

RE 

“  Rl 

NO, 

J 

23 

5 

536 

0,91651400 

0,92901402 

0,94721400 

0,71701-01 

53,123 

3,660 

c 

Rt 

NO, 

2 

23 

3 

785 

0,66161400 

0,1566E4C3 

0,25041400 

0,94621-01 

65,646 

661,714 

t 

Rl 

NO, 

3 

23 

3 

521 

0,1362140) 

0,23291403 

0,50061400 

0,11791400 

71,765 

52,324 

R1 

NO, 

a 

21  _ 

9 

500 

0,62681400 

0,15021402 

0,32441400 

0,13761400 

26,574 

0,376  ; 

( 

Rl 

NO, 

5 

21 

10 

760 

0,01  3411400 

0,26961401 

0,25731400 

0,94301-01 

30,304 

0,163 

( 


( 

c 

I 

I  i 


I 


I 


*  I  R  B  U  N  N  E 
COHPUtER 

(  I  N  •  M  0  u  a  E 


SY8NU 

Nf',,rAiL 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

R2 

NO, 

\ 

26 

3 

tt07 

0,6742E600 

0,7R78E602 

0,2477E«00 

0,t492EAO0 

68,149 

4,94( 

R2 

NO, 

2 

27 

77 

l<>9a 

0,9331E^O0 

0.3B0:E602 

0,7886EA00 

0,2648L«00 

35,178 

0,60^ 

R2 

NO, 

} 

27 

12 

ROO 

0,R62SEa00 

0.3026E4D2 

0,563SEy00 

0,5074E-0| 

20,227 

«,05« 

R2 

NO, 

u 

27 

27 

IROO 

0,B4RREA00 

0«28R7k:«02 

0,8206E600 

0,2T87E-01 

12i38t 

0,4OC 

R2 

NO, 

b 

27 

IR 

aoo 

0,76S0EA00 

0,2S4>Et02 

0.4725e600 

0,4269E-0| 

17,952 

0,431 

( 

t 


0U*NE  MODEL 
«  I  R  B  0  R  N 

laser  transmitter 

IN-HOUSE 


8Y3NO 

NO, FAIL 

HUURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

_NO,  1__ 

21 

3 

_  500 

0,6427E«00 

0,90SOE602 

0,2362Ea00 

0,e508E-Ot 

82,228 

0,70( 

NO,  2 

21 

7 

760 

0,5O9tEA00 

0,1663Ea02 

0,2834E«00 

0,4|56E-0l 

15,060 

0,07< 

L  OUANEMOOEL 

_  _  _  AIRBORNE 

LASER  TRAlf  S' hitter 
C  IN-MOUSE 


8V8NO 

NO, fail 

hours 

PI 

P2 

P3 

P4 

RBAR 

RE 

R3 

NO,  1 

20_ 

7 

782 

0,5524E600 

0,2309E602 

0,3075E»00 

0,4362E-01 

_32,258 

0,37 

R3 

NO,  2 

20 

11 

767 

0,556tE«00 

0,1u29E602 

0,3550E*00 

O,1O23EaO0 

25,462 

0,161 

153 


iL _ i-1 


i 


i 


€ 


I  Uk  k 

AIRBORNE 


LASER 

R  €  C  E  I  V 

F.  R 

( 

I  N  *  H  0  U 

S  E 

SVSNO 

no.aail 

HOURS 

PI 

P2 

P5 

P« 

RBAR 

RE 

R1 

NO, 

1 

_ 21  _ 

_ _ 

__7_6_0_ 

0, 1  7UEA02 

O,3780E*0p 

_0,e56lE*91  _ 

. 0,196 

( 

DUANE  1 

1  0  D  E  L 

A  I  R  d  0  R 

N  E 

L  A  8  ^  R 

R  E  C  E  I  V 

E  R 

( 

1  N  -  H  0  U 

S  E 

i 

STSNO 

NO, fail 

HOURS 

PI 

P2 

P3 

PR 

RBAR 

HE 

_ R3 

NO, 

1 

?0 

It 

Ibl 

o,]a«tE«oo 

0,ia2«EA02 

0,1$19E700 

0,l2tt6F«00 

59,889 

0,027 

»3 

NO, 

2 

20 

b 

7«2 

0,«320E«00 

0,12S6Ea02 

0,2271EA00 

0,|843EaOO 

91 ,208 

9,729 

OUANE  HOOSL 

airborne 

LASER  “XHT'R/RCVR 
I  N  ■  M  0  0  S  E 


SVSNO 

NO, fail 

HOURS 

PI 

P2 

P5 

PO 

RBAR 

RE 

Rl  NO,  1 

2: 

17 

760 

0,9«OOEAOO 

0,4001C«01 

0,i80«EA00 

0,8a«8E«0l 

22,98« 

0,368 

HI  NO,  2 

21 

10 

500 

0,6601EaOO 

0.1928EA02 

0,aiOAE«00 

0,'7190E«01 

31.184 

0,219 

( 


4 


T  A  B  L  E  4 . 4  (Cont ' d) 

ouANt  model 

A  I  R  B  0  H  N  E 

LASER  XMTR/RCVR 

IN-HOUSE 


srSNO 

NO, FAIL 

hours 

PI 

P2 

P3 

pa 

RHAR 

RE 

R3 

NO,  1 

20 

H 

782 

0,5255E*00 

0,5155Et0l 

0,3555EA00 

0,203aEAOO 

27,630 

o,2at 

RS 

NO,  2 

20 

15 

767 

0,46R2EaOO 

0,2388E*0I 

0.3222E400 

0,8876E-01 

20,63a 

0,05' 

( 


< 

( 

DUANE  MODEL 
AIRBORNE 
INPRAREO  REC 

I  N  -  H  C  U  S  E 

E  I  V  E  R 

( 

SYSnO 

NO,rAit 

hours 

PI  P2 

PI 

P4 

RBAR 

RE 

R1 

NO, 

1 

23 

5 

711 

0,2S46LY01  0,37‘*8Ea03 

0,1236EA0| 

0,1T|9E400 

45,637 

1,08 

C 

R1 

NO, 

2 

23 

5 

785 

0,13R7E401  0,2a8iEA03 

0,a879CAC0 

0,1357Et00 

44,329 

9,62 

i 

R1 

NO, 

3 

23 

8 

536 

0,2087E40t  0,1976EA0S 

0,10i7EAOt 

0,a78«E-0l 

38,648 

2,87' 

c 

t 

1S4 

DUANE  MODEL 
AIRBORNE 

t 

INERARCO  REC 
IN-HOUSE 

E  I  V  E  R 

SYSNO 

NO, PAIL 

HOURS 

PI  P2 

P3 

P« 

RIAR 

RE 

R2 

NO, 

1 

27 

65 

2500 

0,5206CAOO  _0,8233C400 

0,a367E400 

0,16:5t*00_ 

13,259 

0,02 

L 


( 


C 

c 


t 


1 


J  U  H- 

*  I  R  6  0  R  N  C 
3Y8TEM-RA0AR 
I  N  •  H  U  U  S  E 


3Y3NO 

NO, FAIL 

hours 

PI 

P2 

P3 

Pa 

RBAR 

RE 

R2 

NO, 

\ 

27 

103 

7R8 

0,536BE«00 

O,1420EyOO 

0.U653EA00 

0,5o25Ea00 

18,988 

0,125 

R2 

NO. 

2 

27 

127 

1007 

0,6t52EA00 

0,al7i5>{)0 

o.saisEAOo 

0,3751Ea00 

ia,589 

0,141 

R2 

NO, 

} 

27 

65 

399 

0,5U83E«00 

0,1972E*00 

0,a55«E«00 

0,6722Et08 

23.697 

0,422 

«2 

NO, 

u 

25 

S«7 

1192 

0,6152E«00 

0,8A51E*01 

0,5716E*00 

0,398lEt00 

io,l7a 

0.060 

H2 

NO. 

b 

27 

316 

2500 

0,6990E«00 

0«6639Ea00 

0,6«70E«00 

O.’iaSBEfOO 

6,482 

0,030 

R2 

NO, 

6 

25 

371 

3981 

0,9267EA00 

0,b721E9Cl 

0,3632E600 

0,S756EA0t 

20,566 

1.295 

OUANE  model 
AIRBORNE 
8  V  B  T  E  14  •  t  A  S  E  « 

I  N  -  H  U  U  3  C 


3YSNO 

NO, fail 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

NO,  1 

21 

27 

760 

0,4521Ea00 

0,5183E600 

O,3a40EAOO 

0,'623BL»01 

18,207 

0,025 

NO,  2 

21 

19 

500 

0,62«6E400 

0,4621E601 

0,4242EY00 

0,5857E-01 

14,391 

0,115 

DUANE  MODEL 


SYSTEM 

I  N  -  M  0  U 

-LASER 
S  E 

3Y8NO 

NO, fail 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

R3 

NO,_l 

20 

17 

76  7  _ 

_0,5269Ef00 

0t35attEA01 

0,3712C60O 

0,6920E-0l 

20,557 

,0,046 

R3 

NO,  2 

20 

17 

782 

0,5151E600 

0,3196E«01 

0,3629Et00 

0,2094E900 

27,446 

0,184 

t  ■  ■; 


'  — v*  *•  '  *  '■ 

'•  '  S*  „-  '  ^ 

’■  i--» .  •  ,*  t '  .'.- 

, ' . .  -'v  •  •;■>  -1* 

r-*  »  •  I 

V  '  <  I  J  ^ 


■  •■  ’I  ^  V  t  7  " 

'.  .-  ,  .  ‘  «.■>  «.  .  ;  . 

-i'  -  ■ 

,  .•...,*t  .  -iL >: 

*  .  •  "*  - 

Tk.  '•  i.  A  i.  ':.•■« ,  -'o.  . , 


c;.  i 


( 


T  A  B  L  t  4.4  (Cont'd) 

OUA^t  MOOtL 

A  1  H  a  U  N  N  £ 
SYSTEM-INf^RAPED 
I  S  -  H  0  U  8  E 


3YSNO 

NO,r*iu 

HUJPS 

PI 

P2 

P5 

PO 

RBAH 

HE 

BJ 

^JO, 

\ 

2) 

17 

536 

0,1269E40} 

0,57«6t*02 

0.8312E400 

o.as30fc4oo 

30,776 

0,004 

«» 

NO, 

z 

2} 

11 

7fl5 

0,«859EY00 

0,52«0E«02 

0,S012EA00 

0,2671C400 

30,026 

2,159 

B1 

NO, 

J 

23 

5 

52i 

0, 166StA01 

0,19«5E»01 

0,582SCA00 

0,7«29E-01 

59,101 

27,005 

PJ 

NO, 

(1 

23 

9 

711 

0,206«EY0| 

0,2aft3E403 

0,1061EA0l 

0,08««E-01 

16,773 

11,000 

157 


I 


% 


« 


4 


e 

t 

• 

» 


T  A  B  L  t  4.4  (Cont’d) 

OUANt  KOOIL 
A  1  H  f)  0  R  N  C 


8  Y  S  T  E  H 
FIELD 

•  infra 

RED 

SYSnO 

NO, fail 

hours 

R1 

f»2 

R3 

P4 

R6AR 

RS 

MO,  1 

3 

227 

0,1523Ef01 

0,1103E*0S 

0,5596Ef00 

0, 1 190EA00 

65,395 

R3 

MU,  2 

2a 

3 

300 

0,e5O5tAO0 

0,9511Ea02 

0,3140EaOO 

0,87331-01 

70,232 

R3 

MO,  1 

20 

3 

7e<» 

0,5173E*00 

0,9037Ea02 

o,i9oieFOo 

0,103at»00 

72,626 

R5 

NO,  0 

20 

0 

oil 

0,1S19Ea01 

0,lO37E»03 

0.5759EA00 

0,60OlE-01 

54,768 

R3 

NU,  5 

20 

3 

033 

0,l598Et01 

0,2178iA03 

0,5873Ea00 

0, 1097t*00 

65,903 

R3 

NO,  b 

20 

3 

072 

0,9026E400 

0,1397Ef03 

0,3316Ef00 

0,1025EFeo 

67,747 

"i 

MO,  7 

20 

A 

1056 

0,6122EF00 

0,3537£»02 

0,3565Ef00 

0,S973£-01 

30,321 

B3 

NO,  8 

20 

3 

320 

0,1398Ea01 

0.1476EA03 

0,51S6EFOO 

0,1PO2Cf00 

68,533 

R3 

NO,  0 

20 

3 

OOO 

O,O90tEAO0 

0,4677Ef02 

0,1801EAOO 

0, 1590EA00 

69,681 

R1 

NU,  10 

20 

a 

519 

0,9761E400 

0,1254Ea03 

0,4261E400 

0,19O8EF00 

164,596 

R5 

NO, 11 

20 

0 

309 

0,6O59EF00 

0,6777Ef02 

0,3692F*08 

0,0889E>01 

70,719 

VI 

-JR3 

NO, 12 

20 

3 

255 

0, I660E401 

0,1315Eao5 

0,609BEF00 

0,8978E-01 

66,032 

_ R5_ 

NO,li 

20 

3 

390 

0,e599EA00 

0,1087EF03 

0,3159E900 

0,1318E*00 

69,109 

R3 

N0,1« 

20 

(4 

563 

O.IOlOEFOl 

C,1427Ea03 

0,4409E400 

0,5619E-01 

57,527 

R3 

NO, 15 

20 

3 

307 

0,4O56EF00 

0,2609Efo2 

0,1637EF00 

0,1676EFOO 

69,345 

_  R3 

NO, 16 

_20_ 

3 

305 

0,8151Ea00 

0,8963Ea02 

0,2995E900 

0,122OEfOO 

76.033 

R5 

NO, 17 

20 

3 

705 

0,1278E»01 

0,2984Efo3 

0,469«EF00 

0,1305Ef00 

70,116 

ns 

NU.  18 

20 

0 

008 

0,5889EAOO 

0,4255£a02 

0,2570Et00 

0,5866E-01 

68,016 

R3 

NO,  10 

20 

0 

529 

0,9255Et00 

0,1 183EA03 

0,o040EF00 

0,4556C-01 

54,890 

R3 

NO. 20 

20 

0 

350 

0,ll70t*01 

0,i083EA03 

O.SIOBE^OO 

0,1065E*00 

53,246 

'  .1"”  ’■'•f''*'  .' 

'  ■  -  ^  •  • 
.  •'.  ■■  ')r  '** 

.  '  .  .  -  -  -  .  ' 


•  :.s  ^ 


A . 


RE 
2S,2t>e 
6,5e3 
1,277 
«5,f6 J 
71,6h'> 

1 J.Jlb 
0,150 
»,52B 
1,060 
l,l’i 
0,02^ 
16, Ode 
|«,17< 
5,»1' 
2,60f 
6,5>Hij 
7,61* 
0,1J' 
5,321 
22,80* 


I 


T  A  U  L  li  4 . 4  (Cont  '  cJ) 

(  OUANfeHOOCL 

*  1  R  6  0  «  M  C 


( 

S  7  s  T  E  H 

F  I  E  1,  0 

(CONTI 

-infra 

N  U  E  0  ) 

RED 

( 

SV3NO 

NO, fail 

HOURS 

(*1 

F2 

RS 

Pa 

RSAR 

RE 

HI 

NO,?l 

2U 

n 

‘71 

0,7329£»00 

0,10I2E*03 

0,3199EaoO 

0,106SEaOO 

54,898 

1.5J 

_  HJ 

NO,  22 

2U 

5 

3ia 

0,631 IEaOO 

0,5506E*02 

0,2319EaOO 

o,9ioie-oi 

64,774 

10,47i 

Hi 

N0.2i 

2a 

a 

37« 

0,1569t^01 

0,1S63Ea03 

0,66^0EaOO 

0,6S2aE-Ot 

53,286 

36,35 

RJ 

N0,2U 

2a 

(i 

36S 

0,b000E400 

0,i«19E402 

0,2619EA0rt 

0,5961E-01 

57,160 

0,341 

RJ 

NO,2S 

2a 

3 

a77 

0,e239E«00 

0,1257t^05 

0,3027Ea00 

0,8507E-01 

83,072 

2,09 

R3 

NO. 2b 

2a 

3 

3R3 

O.S32eEACO 

0,SOOOEa02 

0,195eE*30 

0,  IbbbE^OO 

74,420 

0,33 

1 

1 

tn 

OP 

0  U  A  N  E  1 
A  1  R  B  0  R 

H  0  0  E  L 

N  E 

t 

S  V  S  T  E  H 
I  N  •  H  U  U 

•  V  I  S  U  A 
8  E 

L  SCAN 

•k 

SV3NO 

NO, fail 

HOURS 

R1 

F2 

R5 

Pa 

RBAR 

RE 

R? 

NO,  1 

2? 

29 

7b6 

0,6521E«00 

0,tt3«3£A01 

0,aB2SCT00 

0,253aEA00 

13,456 

0,26 

R2 

NO,  2 

22 

ai 

3a9 

0,eS10E900 

0,629SEa01 

0,B514EAOO 

0,6209E-OI 

13,468 

0,32 

159 


1 


T  A  B  L  E  4.4  Cont’d 

I  I  B  M  M  0  0  t  L 

*  I  R  B  0  H  N  E 
antenna 

(  IN>HUUSE 


SVSNO 

NO, fail 

HOURS 

R1 

R2 

R5  PO 

PBAR 

RE 

( 

_  H2 

NO, 

1 

2‘)_ 

fa  _ 

15»*» 

0,34400.-02 

0,59faCE*07 

0,1000E400 

14,773 

1,5b 

R2 

NO, 

2 

27 

29 

1400 

0,22t7E-01 

0,1S05Ea01 

0,7765E-0T 

4S,0S5 

l,72i 

R2 

NO, 

} 

27 

B 

400 

0,33240-01 

0,SS31Ea01 

0,3S43E-0fa 

37,19C 

2, “3 

( 

142 

-  NO  t_ 

u 

27 

21 

12^0  _ 

0,103Tt-01 

0,1117Ey02 

_0,7254E-0? _ 

. . _ 

0,01 

i 

I  B  H  MO 

DEL 

A  I  R  8  0  R 

N  E 

R  A  0  4  H 

t 

1  N  •  H  0  U 

s  e 

BYSNO 

NO, bail 

hours 

R1 

R2 

PS  P4 

R8AR 

RE 

( 

R2 

NO, 

t 

27  _ 

_Jfc’ _ 

4900 

^,_4J02E-01 

O,4023EaO3 

0,S990E-0T 

39,725 

2,01 

f 

R2 

NO, 

2 

27 

43 

1000 

0,1114E-01 

0,3|35eY02 

C,77S5l-02 

4,049 

0,C0 

g 

R2 

NO, 

1 

25 

302 

2179 

0,9425C-01 

0,2130Ea05 

0,}495E-02 

7,507 

0,01 

( 

«H2 

NO, 

u 

25 _ 

315 

39^ 

0,9246C-01 

0, 5960^-07 

q.5S2«e400 

14,707 

l.» 

c 

R2 

NO, 

5 

27 

27 

400 

0,3725E-08 

0,2974E402 

0,738SE-02 

9,444 

0,06 

»2 

NO, 

6 

27 

42 

1300 

0,ai50E-02 

0,3102Ea02 

0,92aBE-02 

3,470 

0,00 

( 

( 

t 

t 

• 

f 

1  # 


I 


T  A  B  I  C  4 .4  (Cont ’d) 
1  8  M  14  0  0  E  t 


c 

I. 

o 


— 

—  ^  - 

D  I  8  »  L  A 

V 

I  N  •  H  U  U 

S  6 

3VSN0 

NO, FAIL 

H0U8S 

81 

82 

83 

84 

RBAR 

RE 

R2 

NO.  2 

27 

8 

400 

0,17926-01 

0,15696401 

0,35426401 

14,441 

o,5o: 

»2 

NO,  (1 

27 

13 

600 

0,14246-01 

0,23446401 

0,34726401 

17,461 

0,24: 

R2 

NO,  5 

27 

43 

4994 

0,14546-01 

9,21116401 

0,59406-07 

17,045 

1,391 

R2 

NO,  6 

2b 

11 

1200 

0,11456-01 

0,12936400 

0,22446-04 

100,452  _ 

2,02' 

I  a  H  MO 

0  6  L 

A  I  R  8  0  8 

N  £ 

C  0  M  P  0  T 

E  R 

1  N  -  H  0  U 

6  C 

3YSN0 

NO, fail 

HOU8S 

81 

82 

83 

84 

RBAR 

RE 

RJ 

NO,  1 

23 

5 

S34 

0,14106-01 

0,64906-01 

0,52156-07 

11,259 

1,401 

81 

NO,  4 

21 

4 

500 

0,23266-09 

0,6908E401 

0,60726-02 

6,040 

0,02 

81 

NO,  5 

21 

10 

760 

0,23496-01 

0,14106400 

0,41536-07 

272*903 

3,23 

c 

c 


Ibl 


I 


/ 


4 

c 


( 

c 

t 


T  A  B  L  E  4.4  (Cont'd) 

IBM  MODEL 
AIRBORNE 
COMPUTER 
I  N  •  H  0  U  8  E 


8YSNO 

NO, fail 

HUUR8 

PI 

P2 

PI 

PU 

RBAR 

RE 

NO,  2 

27 

77 

iR«»4 

0,|676E-01 

0,8R60E-07 

0,6217EA03 

44,281 

1,0. 

R2 

NO,  3 

27 

12 

400 

0,2453E-01 

0,l0«6EA01 

0,16»2EY01 

11,204 

2,1 

R2 

NO^  « 

27 

27 

UOO 

0,2064E-01 

C,U34E600 

o,isa3E-os 

26,854 

1,« 

k'? 

NO,  S 

27 

14 

600 

0,206SE«0t 

0,1257E*00 

0.4246E-09 

«s.ei6 

2,1 

IBM  MO 

DEL 

A  I  R  e  0  R 

N  E 

L  A  8  E  M 

r  R  A  N  8  M 

1  T  T  C  R 

I  N  •  M  0  U 

8  E 

SV8NO 

no,f»il 

hour: 

PI 

P2 

PI 

P4 

RBAR 

RE 

«1 

NO,  2 

21 

7 

760 

0,i280E«01 

O,t249Et00 

0,6S62E»07 

• 

286, 445 

2.5 

<•  IBMMOOEL 

AIRBORNE 

-  ^  1  A  8  £ '»  TR'AM8M1TTER 

(  I  N  •  H  0  U  8  E 


SY8Ni) 

NO, FAIL 

MOUR8 

?l 

P2 

PI 

P4 

RBAR 

RE 

R3 

NO,  1 

20 

7 

782 

0,t452E-01 

O,1788C»06 

0.1923E-06 

138,497 

2,0 

R3 

NO,  2 

20 

11 

767 

0, 1408E-O2 

0,4548E«0l 

0,666ie«02 

20,508 

0,0 

C 

c 

i 


,  .  -T' 

( 

( 

T  A  U  L  E  4. 4, (font 'J) 

1  6  M  H  0  f)  E  L 

A  I  K  6  0  R  N  E 

LASER  RECEIV 

E  R 

( 

1  N  -  0  U  S  E 

SY3NO 

NO,F»lL 

HOURS 

PI  P2 

P3 

P4 

RSAR 

RE 

NO, 

1 

2t 

10 

VfcO 

0,ie6SE-01  0,227SEa01 

0,llSSE-06 

126,716 

1.6 

( 

( 

I  8  H  MODEL 

airborne 

laser  RECEIV 

E  R 

( 

IN-HOUSE 

SYSNU 

N0,F*1L 

HOURS 

PI  P2 

P5 

P4 

RSAR 

RE 

c 

R1 

NO, 

1 

20 

<1 

767 

0,6:)lE-02  0,a602EA00 

0,722ieA0l 

157,302 

0,3 

e 

R5 

NO, 

2 

20 

6 

762 

0,S25SE-01  0,SOS7E400 

0,2R01E-06 

3tt,014 

1.6 

i 

« 

IBM  MODEL 

O' 

AIRBORNE 

L  A  SE  R  <  M  T  R  /  R 

C  V  R 

t 

I  N  •  M  0  U  S  E 

r 

SY8NO 

NO, fail 

HOURS 

PI  P2 

FI 

Ptt 

RSAR 

RE 

Rl 

NO, 

1 

21 

17 

760 

0,30tOE*OI  0,261SEaOO 

0,200SE»OS 

1R3,259 

1,8 

t 

Rl 

NO, 

2 

21 

10 

SOO 

0,2273E-0i  0,1272EA0t 

0,2r2RE600 

7,963 

0,0 

c 

IBM  MODEL 

A  1  R  B  0  K'  N  E 

LASER  XMTR/R 

C  V  R 

c 

I  N  •  M  0  U  S  E 

SY5NO 

NO, fail 

HOURS 

PI  P2 

PI 

PR 

RSAR 

RE 

c 

R3 

NO, 

1 

20 

;<i 

7S2 

0,26<I5E«0|  0,S9S7E-02 

0,|0}«E-02 

123,685 

2,8 

u 

_  RJ 

Nt  , 

J. 

2 

20 

IS 

767 

0,239SEo0t  0,2S«OE600 

0,2246E-0S 

352,386 

2.8 

t 

T  A  B  I,  E  4,4  (Cont'd) 

I  I  e  M  M  0  0  t  1. 

'AIRBORNE 

INFRAREORECEIVER 
t  IN-MOU8E 


( 

SYSNO 

NO. fail 

HOURS 

PI  P2 

P3 

P4 

RBAR 

RE 

_ R1 

NO^ 

1 

23 

5 

711 

0,6417E-02  0,59*OE-07 

0.1000E600 

27,913 

1,66 

Rl 

NO, 

2 

23 

5 

705 

0,6616E*02  0,1753E600 

0,10005600 

16,927 

1,62 

Rl 

NO. 

} 

2- 

« 

536 

0.1294E-01  0,5960E*07 

0,1000E600 

15,939 

1,90 

- 

IBM  H  0  0  €  L 
AIRBORNE 

INFRARED  REC 

1  N  •  H  U  U  S  E 

E  I  V  E  R 

SYSNO 

NO, fail 

HOURS 

PI  P2 

P3 

P9 

RBAR 

RE 

{ 

R2 

NO. 

J 

27 

65 

2500 

0,2297E»01  0,17a3t>02_ 

0,1525E»Q1 _ 

0,00 

: ' 

a 

02 

( 

IBM  MODEL 
AIRBORNE 

( 

SYSTEM.RAOAR 

I  N  •  H  0  U  S  E 

SYSNO 

NO, fail 

HOURS 

PI  P2 

P3 

P9 

RBAR 

RE 

R2 

_N0. 

1 

_  27 

103 

70J 

J , 6225E  *0 1  0 , 55  7  OE ♦ 0  2 

0,10165-01 

3,555 

0,00 

I 

R2 

NO. 

2 

27 

127 

1097 

0,«96«E-01  0,7079E602 

0, 97155-02 

1.997 

0,00 

R2 

NO, 

3 

27 

65 

39V 

0,25t3E600  0.1397E902 

0,30155-06 

66,769 

2.51 

( 

R2 

NO. 

4 

28 

_3Rjr _ 

1 192 

0,1930E*00  0,1260E603 

0,6S01E-02 

2,379 

0,00 

c 

R2 

NO. 

5 

27 

316 

2500 

0, 11965600  0,90615602 

0,12395-01 

3.S20 

0,01 

( 

»2 

NO. 

* 

25 

371 

3961 

0.11315690  0,596PE»07 

0,96695600 

19,162 

1,16 

1 


►91 


T  A  B  L  L  4.4  (Cont’d) 
IBM  M  0  0  E  L 
A  I  H  B  0  R  N  E 
8YSTEB«L*SEn 
I  N  •  H  U  U  S  E 


3Y8NO 

NO, fail 

HOURS 

PI 

P2 

P3 

Ptt 

RBAR 

RE 

NO,  t 

21 

27 

760 

0,5n<iE-0l 

0,33«3t400 

0 , t666E"04 

312,782 

a, 23 

Rl 

NO,  i 

21 

IR 

500 

0,4Ri6E-01 

0.2822EA01 

0,2470E»06 

84,117 

2.11 

( 

C 

(. 

t' 

c 


IBM  M  0  0  E  L 
A  1  R  B  U  R  N  E 

SYSTEM-t'kSEH 
I  N  •  H  U  U  S  E 


8YSN0 

NO, fail 

hours 

PI 

P2 

P3 

P4 

RBAR 

RE 

»3 

NO,  J 

20 

17 

767 

0,241RE»01 

0.5602E-01 

0,2011E-06 

306,690 

2,44 

R3 

NO,  2 

20 

17 

782 

0,3132E«0I 

0,32B6E*01 

0,2814t-06 

132,819 

2,84 

c 

( 

c 

c 

c 

c 

t 


NO.  1 


8Y8NO  NO, fail 
?3  W 


IBM  MODEL 
A  I  R  B  0  F  N  E 
8Y8TEM-!NFRARE0 
1  N  •  H  U  U  8  E 

HOUR8  Rl  R2  R3 

538  0,5305E-01  0,5960E»07  0,IOOOE*00 


P4 


RBAR 

zc.tos 


RE 

I.IBI 


1 


TAB  L  E^4 

t  B  M  MO 

4  I  H  B  0  R 
3  V  S  T  C  X 
f  I  E  L  0 


SYSNU 

NO, FAIL 

hours 

PI 

1 

R5 

NO,  U 

P4 

4 

411 

0,920«E-02 

( 

»3 

NO,  7 

PU 

fl 

1036 

0,96tlE«02 

RJ 

NO, 10 

PU 

4 

319 

0,7345E-OP 

( 

R3 

NO, 11 

P4 

4 

349 

0,8772E««02 

( 

R3 

NO, 14 

P4 

4 

563 

0,7177E-0P 

4 

R3 

NO. IS 

PU 

4 

446 

0,4742E«0P 

1 

R3 

NO,  19 

PU 

4 

529 

0,e250E-OP 

1 

R3 

NO,PO 

P4 

4 

354 

0,1414E-01 

R3 

NO, PI 

24 

4 

671 

0,7870E-02 

€ 

R3 

N0,P3 

24 

4 

378 

0,1183E«01 

c 

N0,P4 

29 

4 

385 

0,137tE-Ol 

o’ 

v/> 

< 

IBM  MO 

A  I  R  H  0  1 

3  Y  S  T  E 

i 

I  N  •  H  0  ' 

/ 

SY3NO 

NO, fail 

HOURS 

PI 

1 

_ RP 

_NC,  1 

PP 

29 

766 

0,5310E«^1 

c 

RP 

NO,  ? 

PP 

549 

0,788PE-0| 

t 


( 

t 


A  (Cont'd) 

E  L 
H  E 

-InFHABED 


PP 

P3  P4 

RBAR 

RE 

O,4406EaO0 

0,4496Ea00 

11,152 

2,101 

0,l550Et01 

O.POBlE-06 

143,009 

2,367 

0,5960E-07 

0.4670E«00 

188,242 

1,704 

OtlOOOEAOl 

0,1352EA00 

2,230 

0,008 

0,5ao3E600 

0,20|6EA01 

7,078 

0,246 

0,1800E9Ct 

0,e064E>bl 

6,883 

0,026 

0,58IAC900 

0,6742EYOO 

3,055 

0,041 

0,6687E«0P 

0.6P40E-07 

13,665 

1.561 

0,408tEA00 

0,3530E*06 

83.685 

3,319 

0,5960E«07 

0,1079E*03 

14,755 

1,972 

0,U68Ey03 

O,60P9E-C7 

226,571 

3,167 

DEL 

N  € 

•  VISUAL  SCAN 

>  S  E 

P2 

P3  P4 

RIAR 

RC 

0,2119Et00 

0,4723E«06 

56|I09 

1,546 

0,1683E«00 

0,1502E-Oa 

32,674 

l,T22 

I 


\.  €  - 


T  A  a  L  li  1.4  iCont  '  d  1 

(  iXt*trNt'<M*L  M00£L 

A1»B0»NE 
*  N  T  C  N  N  A 

(  I  N  •  H  0  i  S  E 


8Y5N() 

NO, FAIL 

HUUHa 

PI 

P2 

93  pa 

RBAR 

RE 

R2 

NO, 

> 

28 

it 

18S« 

0,3Sa8E*03 

o,ioooeaoo 

0,tOOOE»00 

30,892 

1,2S( 

R2 

NO, 

2 

27 

2«> 

laoo 

9,S|NSEA02 

o,7tai(«oo 

0,1733E*02 

5,938 

0,03' 

"’2 

NO, 

a 

27 

21 

o 

o 

0,H51€405 

0,9409Ea(?0 

(>,2190EoQ3 

a, 661 

0,011 

»2 

NO, 

5 

27 

82 

fcOOO 

0,7«29Ct02 

O,90S3Ea00 

0,ja2IE«02 

19,036 

0,311 

I 


t  ExPONCNTIALHOOEL 

_ _  *IH0O>»Ne 

D  1  a  p  L  A  r 


avsNo 

NO, fail 

Huuna 

1100 

PI 

P2 

Fi  pa 

n,3612E"0| 

RB6P 

PC 

1,09: 

92 

NO, 

1 

27 

IJ 

0,S936£«02 

0,3725E-06 

11,607 

5:r2 

NO, 

3 

25 

50 

3992 

0,5130E602 

O.IOOOCaOO 

0,1535E602 

12,119 

1,02< 

Hi 

NO, 

a 

27 

13 

609 

0,394aE903 

0,9«82Ea00 

0,1505E«0S 

5,029 

0.021 

R2 

NO, 

5 

27 

63 

6996 

o,65aaEA02 

0,6573E«00 

0,3371E»02 

6,606 

0,301 

92 

NO, 

6 

25 

11 

1200 

0,lteiEA03 

0,8560E^00 

0,1591E*02 

10.J50 

o 

• 

o 

i 

L 


lo7 


TAB  L  F.  4.4  (Cont 'd) 

tXPUNCNTIAt  HOOCL 
*  I  P  tt  0  »  N  t 
COhPoTEP 
1  V  -  M  0  U  5  C 


STSNO 

NO, FAIL 

hours 

PI 

P2 

P3  R4 

RBAM 

RE 

«2 _ 

NO, 

2 

2T 

77 

3994 

0,S41}E«02 

0,9'j9*E»0vi 

0,4S2«E-02 

6*828 

0*06N 

R? 

NO, 

1 

27 

12 

400 

0.r(>7SE702 

0,S960E-07 

0,S70SC-0l 

8*851 

1.103 

R? 

NO, 

u 

27 

27 

1400 

0,4026E402 

0,ni8t-07 

0.S21RE-01 

21.264 

1.041 

R2 

NO* 

5 _ 

27 

IR 

_ 800 

0,1742^0^ 

_0tS7l5^0q_ 

_0,^3j4aE*0|_ 

2*730 

_ OjOJJ 

exponential  model 
A  1  H  B  0  R  N  E 

laser  transmitter 
in-house 


t 

STSNO 

NO, FAIL 

HOURS 

PI 

P2 

P3 

P4 

RBAR 

RE 

R1 

NO,  2 

21 

7 

760 

0.1192E<03 

0.9534E600 

8*370 

_ q*oo« 

( 

P— 

e 

E  X  P  0  N  E 
A  I  R  B  0  R 

•A 

NTIAL  model 

N  E 

( 

t  A  '8  1  » 

1  N  •  H  0  U 

TRAMS'MITTEH 
i  E 

STSNO 

nO.FAIL 

HOURS 

PI 

P2 

P5 

P4 

RBAR 

RE 

R3 

NO.  1 

20 

7 

782 

0,1192ET03 

0.8929E600 

0.IBS9E-02 

15*625 

O 

o 

R3 

NO.  2 

23 

11 

767 

0,7755Et03 

0*98«6ET00 

0.1051E-03 

18*069 

0,03i 

i 

c 

t 

• 


» 

I  c* 


I 


I 

( 


I 


I 


e 

» 

{ 

T  A  B  L  K  4  , 

t  X  F  0  N  C 

A  I  R  B  0  R 

,  4  (Cont ' d) 

NTIAL  model 

N  E 

( 

LASER 

I  N  •  H  U  U 

RECEIVER 

S  E 

3V3MO 

NO, FAIL 

HOUU3 

PI 

P2  PS 

PU 

RBAR 

RE 

K 

»1 

NU.  1 

21 

10 

760 

0,5342E«02 

0.<)2R5E600  0t6S25e-02 

12.02S 

0,061 

( 

E  X  P  0  N  E 

A  1  R  a  U  R 

NTIAL  HOOEL 

N  E 

LASER 

I  ,’4  .  H  0  U 

RECEIVER 

3  E 

3Y8NO 

NO, FAIL 

HOUK3 

PI 

“2  PS 

Pa 

PSAFi 

RE 

t 

R5 

NO,  J 

20 

u 

767 

0,6<>93E«0S 

0,9R50C*C0  0,40S7E*0S 

7,436 

0,0 

tr 

»5 

NO,  2 

20 

6 

732 

0,26SSE402 

},82a0E«02  0,40T7Ca02 

24,443 

l,-»5( 

A 

c3;> 

E  X  P  Q  N  E 
A  I  R  8  0  R 

NTIAL  HOOEL 

N  C 

t 

no 

LASER 

I  N  •  H  0  U 

XMTR/RCVR 

S  E 

3V8NO 

NO, FAIL 

Houas 

PI 

P2  PS 

P4 

RBAR 

RE 

c 

us 

NO,  2 

20 

15 

767 

0,1152E60S 

0,R640E600  0,7464E*0S 

16,040 

0,01 

t 

E  X  P  0  N  E 
A  1  R  3  0  R 

NTIAL  MODEL 

N  E 

< 

c 

I  N  F  R  “A  R 
:  N  •  H  0  U 

EO  RECEIVER 

S  E 

3Y3NO 

NO, Fail 

HOURS 

PI 

P2  PS 

pa 

R8AR 

RE 

c 

Ui 

NO,  1 

_ 2S 

5 

_0,200SE6PS_ 

0,|OOOE600  O.IOOOE^OO 

I 


( 


2 


( 

C 

< 

f 

3 

c 

c 

■  ( 


T  A  B  L  C  4 .4  {Cont 'd) 

tXPONENTlil  MODEL 
AIRBORNE 

infrared  receiver 

I  N  -  -1  0  U  8  E 

3Y3NO 

NO, Fill 

H00R3 

Pi  P2  P3 

P« 

RBAR 

R2 

NO, 

1 

27 

65 

2500 

0  ,S358EY02  _ 

5* Ok®. 

exponential  model 
airborne 

SY8TEM*RA0AR 

in-house 

3YSNO 

NO, Fill 

HUUR3 

Pt  P2  P3 

Ptt 

RBAR 

«2 

NO, 

5 

27 

316 

2500 

0,6a81t*01  0,7392Et00  0,l7l6E«*02 

10,53R 

»2 

NO, 

6 

25 

371 

3931 

0,R695E401  0,173*E+03  0,7893C»02 

16,225 

O' 

TO 


tXPONeHTIAL  MOOIL 
i  I  R  6  0  R  E 

y  8  T  C  M  -  t  A  I  C  R 


I  N  •  H  0  U 

S  E 

SY3N0 

NCI, FAIL 

HOURS 

PI 

P2 

PS 

Pit 

RBAR 

Rl 

NO,  1 

21 

27 

760 

0,2802Ey02 

0«952aEAC0 

0,260BE-02 

7,130 

Rl 

21 

_ 1? _ 

_ 5qq_ 

0,306PEA02 

O.B225EAOO 

0,2798E-02 

8,259 

_ 

E  X  P  0  N  E 

N  T  I  A  L 

model 

A  I  R  B  0  R 

N  C 

— 

- - - 

-  - 

~8  V  8  T  E  M 

-LASER 

1  N  •  H  0  U 

S  E 

SYSNO 

NO, FAIL 

hours 

PI 

P2 

P3 

PO 

RBAR 

R3 

NO,  1 

20 

17 

767 

0,6775EA02 

0,9a87EtOO 

_9,l525E-02 

12,151 

r( 

0, 


Ri 

0, 

1. 


R 

0. 

0, 


I 


I 

} 

{ 

1 

• 

1 

T  A  a  1.  U  4. 

4  (Cant'd)  ,  _  ,  , 

E  X  R  □  N  E 

NflAL  MODEL 

[ 

A  I  R  B  0  R 

N  E 

8  Y  8  T  e  H 

•  infrared 

( 

I  N  -  H  0  U 

8  e 

3Y8NO 

NO, fail 

hours 

Rl 

P2  R3  P4 

RBAR 

RE 

( 

Rl 

NO,  1 

23 

17 

336 

0,3700E*02 

0,3l35Ef02  0,3676E*0l 

32,100 

1,0 

V. 

R1 

NO,  1 

23 

11 

765 

0,5264E>02 

0,1000E*00  0,1460EY03 

16,657 

1.1 

( 

E  X  P  0  N  E 

NT!*L  MODEL 

A  I  »  a  0  R 

N  E 

— 

- 

system 

-infrared 

( 

FIELD 

‘ 

SYSNO 

NO, fail 

HOURS 

PI 

P2  P3  R4 

RBAR 

Bt 

( 

H5 

NO,  7 

24 

s 

1056 

0,15565Y03 

0,9047E*00  0,1465E*02 

6,40e 

0,0 

i 

R5 

NO,  10 

24 

4 

510 

0,1457E*01 

0,2647E*01  0,6456E«0l 

12,107 

0,i 

R3 

NO, 11 

24 

4 

349 

Q,OOOtE«02 

0,0466C«00  ^,6264t»02 

2,003 

0.0 

r,c 

o 

R5 

NO,ia 

24 

4 

565 

0,1260E«03 

0,7642E*00  0,6222E»02 

6,700 

0,2 

( 

NO, IS 

24 

4 

446 

0,115UY03 

O.lOOOEtOl  0,6347E»02 

18,507 

o 

NO, 10 

24 

4 

520 

0,1072E»03 

0,7O52Eo00  0,7662E»02 

2,657 

R5 

NO. 20 

24 

U 

354 

0,7000E402 

0,a75lE602  0,l000Et00 

11,610 

1.4 

R3 

NU,2J 

24 

4 

376 

0,OIOOE*02 

0,1000E«00  0,3724Ct0S 

12,055 

■B 

RS 

NO, 24 

24 

4 

365 

0,1277I*05 

0,9445E>00  0,303tE*02 

7,3B1 

o.rj 

I 


c 


EXPONtNTIAL  HOOEL 
AIRBORNE 

8'Y  8~T  E  M  •  V  I  S  U  a  L  scan 

1  N  •  M  0  g  s  e 


* 

SYSNO 

NO, fail 

HOURS 

PI 

P2 

P3  P4 

RBAR 

9 

R2  NO,  t 

22 

20 

766 

C,16|4Ey02 

0,8106C600 

0,1072E»01 _ 

7,05f 

r  t 

♦ 

R2  NO,  2 

22 

41 

540 

0,181«E402 

0,6304E600 

0,166BE«02 

0,610 

~  d 

* 

-1— esto  “ 

,  t. 

•  V 


t  « 


f. 


,  0  ' 


'"■K 


^ 


H! 

0,1 

O.i 


i 


171 


f 


I 


T  A  U  L  i;  4.4  (Cont'd) 

LLOYO*  Ll^O'* 
*  I  R  b  0  R  H  C 
A  N  T  t  N  » 


MODEL 


8YSNO 

NO,^■*IL 

HOOKS 

PI 

P2 

R2 

NP, 

1 

25 

6 

1584 

•,4012E«02 

•.1772E606 

R2 

«iO, 

9 

27 

29 

1400 

0,3995£t02 

0,7l55t»05 

B2 

NO, 

3 

27 

9 

400 

0,2747E«02 

0,2220C60S 

R2 

NO, 

'4 

27 

21 

1200 

0,272eE«02 

0,S379E603 

M2 

NO, 

5 

27 

52 

6000 

0,752SE602 

0,34388604 

R4 


C 


( 


( 


( 

t 


t 

1 

« 

6 

t 

> 


8Y8NO  N0,F*U. 


K2 

'iPl 

1 

A1  _ 

162 

K2 

NO, 

2 

27 

43 

»« 

NO, 

3 

25 

382 

K2 

NO, 

4 

25 

575 

K2 

NO, 

5 

27 

27 

K2 

NO, 

6 

27 

42 

LLOYD. 

A  1  K  B  0  K 

L  1  P  0  4 
N  E 

R  A  D  A  K 

I  N  .  H  0  0 

8  C 

hooks 

PI 

P2 

4988 

0,2051C602 

0,19288603 

1000 

0,9757E601 

0,53878602 

2176 

0,2357E«01 

0,«265F601 

3984 

0,1174E602 

.,69678603 

400 

0,75588601 

0,19108602 

1300 

0,12458602 

0,86138602 

MODEL 


PI  pa 


RBAR 

RE 

20,559 

0,32 

28,317 

0,63 

17,090 

0,83 

38,012 

0,77 

26,735 

0,41 

P5AR 

RE 

19,929 

0,91 

49,546 

0,90 

48,997 

0,94 

15,137 

0,69 

16,948 

0,93 

52,597 

0,90 

t 


T 

A 

B 

L 

L 

4 

( 

L 

L 

0 

V 

0 

• 

A 

I 

Q 

a 

0 

R 

0 

I 

s 

p 

L 

A 

( 

I 

N 

• 

H 

0 

U 

SYSNO 

NO, fail 

hours 

PI 

( 

•*2 

NO,  1 

27 

13 

1100 

0,6355Ca02 

R2 

NO,  2 

27 

8 

400 

0,3792Ea02 

«2 

NO,  J 

25 

50 

3993 

0,4942Ca02 

R2 

NO,  U 

27 

13 

_  800 

0,«448Ea02 

B2 

NO,  5 

27 

63 

4996 

0,6519Ca02 

R2 

NO,  6 

25 

11 

1200 

0,/739tA02 

( 

i 

C 

-X 

t  L  0  7  0  • 
A  I  R  8  0  R 

( 

-4 

N) 

“C  H  P  Tii  t 
1  N  •  M  0  0 

3VSNO 

NO, FAIL 

HOURS 

PI 

( 

_ R1 

NO,  1 

23 

_ 5 

536 

0,2825E«02 

( 

Rl 

NO,  2 

23 

3 

785 

0,1065EA03 

( 

Rl 

NO,  3 

23 

3 

521 

0,16898*03 

Rl 

NO,  U_ 

21 

9 

_ 500 

0,334lE*02 

i 

ai 

NO,  5 

21 

10 

760 

0,26988*02 

_ 1.  f 


1 

4  Cont'd) 

LIPOH  model 

N  8 
y 

5  € 

P2  P5 

P4 

R8AR 

RE 

0,84428*03 

10,161 

0,81 

0,46748*03 

20,187 

0,71 

•,14648*04 

11,027 

^,81 

0,78148*03 

29,452 

0,7C 

0,16658*04 

11,355 

0,5^ 

0,18998*04 

43,514 

0,4f 

lipom  model 

N  C 

C  R 

*  ^  % 

P2  P3 

P4 

RBAR 

R8 

•,75508*04 

15,839 

0,6: 

0,10928*04 

0,048 

o 

• 

o 

0,63608*04 

10,948 

1.0 

0,39608*03 

38,447 

o.e: 

0,18368*03 

81,733 

0,7( 

t 

c 


e 


\ 


T  A  11  L  E  4.4  (Coni'  d) 

lluyo  -  model 


AIRBORNE 


— 

COMPUTER 

• 

1  N  •  H  0  U  8  C 

SVSNCl 

NO, fail 

hours 

PI  P2 

PI 

P4 

RBAR 

RE 

1 

M2 

NO,  t 

0  26 

3 

<107 

0,ea5JE*02  0,2229Ea04 

27,340 

0.7J 

( 

R2 

NO,  2 

27 

77 

399a 

0,5310E902  0,S927E*03 

26,020 

0,4( 

R2 

NO,  3 

27 

12 

aoo 

0,26236902  0,130aE903 

6,240 

0,6 

_ 

NO,  « 

27 

_27 

laoo 

0,43611902  0,73366903 

16,627 

0,7 

R2 

NO,  b 

27 

la 

800 

0,428lP*02  0,67976903 

20,114 

0.6 

t 

LLOYO»  LIPOM 

MODEL 

1, 

AIRBORNE 

—  - 

—  - 

- - 

L  A  S^E'R  T  R  A  N  8  M 

I  T  T  E  R 

<: 

in-house 

SY8NO 

NO, FAIL 

HOURS 

PI  PI 

PI 

P4 

R6AR 

Pi 

—  fi 

Ml 

NO.  1 

21 

3 

SOO 

0,11771901  O,16m906 

6,403 

0,0 

s 

Ml 

Vf* 

NO,  2 

21 

7 

760 

0,6a7«E902  0,72166903 

66,136 

0,5 

( 

( 

— 

LLOYD  -  LIPON 

MODEL 

AIRBORNE 

— 

LASER  TRANSM 

1  T  T  E  R 

< 

IN-HOUSE 

SY8NO 

NO, fail 

hours 

PI  P2 

PI 

P4 

PBAR 

Rt 

C 

NO,  1 

20 

7 _ 

762 

_0,553SE902  0,66526901 

0,6 

« 

M3 

NO,  2 

20 

11 

767 

0,35666902  0,2063E901 

46,761 

0,0 

f 

T  A  3  L  n  4, 

L  «.  0  Y  0  • 

A  I  R  B  0  R 

.4  (Cont'd) 

L  1  F  0  H 

N  E 

MOO 

E 

L 

t 

L  A  S  C  R 

1  N  •  H  0  U 

R  E  C  E  I  V 
8  E 

E  R 

svsNo 

NO, FAIL 

HOURS 

FI 

F2 

F3 

FA 

RBAR 

R1 

NO,  1 

21 

10 

760 

0,«RR0E«02 

0,S21bEt03 

-Uim. 

( 

— 

- 

L  L  0  Y  0  • 

A  I  R  B  0  R 

L  1  F  0  N 

N  E 

r4  0  0 

F 

L 

\ 

1  A  S  *  R 

1  N  >  H  0  U 

F  E  C  E  I  V 
S  E 

C  R 

SY8N0 

NO, fail 

hours 

FI 

F2 

F3 

FA 

RBAR 

R3 

NO,  1 

20 

<1 

767 

0,9ft42EA02 

0,6*91Ea03 

320,2*0 

0 

RJ 

NO,  2 

20 

6 

7*2 

0,)069E402 

0(2287Ea03 

21,3*3 

t 

t 

5 

174 

t 

LLOYD- 
A  I  R  B  0  R 

L  I  F  0  R 

N  E 

MOO 

E 

L 

( 

1  A  $  tR“ 

I  N  »  H  0  U 

K  H  T  R  /  R 

S  E 

C  V  R 

( 

SYSNO 

NO, fail 

HOURS 

FI 

F2 

F3 

FA 

RBAR 

Rl 

NO,  1 

21 

17 

760 

0,2753EF02 

0,k77*EA03 

BB^303 

( 

Rl 

NO,  2 

21 

10 

500 

0,]«35EF02 

0,1734Ea03 

41,543 

»! 


.At'- 


R( 

o.« 

0,^ 


Rl 


0,1 


0,: 


*  I  »  0  R  N  E 

laser  XHTR/RCVR 


(  I  N  •  H  0  U  3  E 


SYSNO 

NO, fail 

hours 

R1 

R2 

RO 

RBAR 

RE 

‘’5  _ 

NO,  1 

20 

10 

0,260SEa02 

0,2317E603 

40,052 

0,633 

R3 

NO,  2 

20 

15 

767 

0,2a52EA02 

0,R126Ea02 

106,761 

0,820 

( 

t 


MODEL 


t 

€ 

f 

# 


LLOVO  -  LIROM 
AIRBORNE 

1  N  f  R  A  R  I  0  RECEIVER 
IN-HOUSE 


t 

SYSNO 

NO, fail 

HOURS 

R1 

R2 

•3 

RO 

RBAR 

R1 

NO, 

1 

_23 _ 

•,2324E603 

•,2006Ea06 

15,036 

f 

R1 

NO, 

2 

23 

5 

765 

0,1146E«03 

•,1212E605 

12*712 

^  Ql 

v*.  * 

NO, 

3 

23 

6 

536 

0,3530E602 

•,1731E605 

17,557 

MODEL 


LLOYD  -  LIROM 
AIRBORNE 

I  N  R  ”R  A-R"r  D  R  E  C  E  I  V  E  R 
IN-HOUSE 


R2  NO,  1 


SYSNO  NO, RAIL  HOURS  Rt  R2 

£7  AS  2500  0,20SAEA02  0,|70SEa0} 


RJ 


Ra 


RBAR 

85*666 


RE 

0,326 

0,612 

0,531 


RE 

0,76i 


I 

i 

I 

I 

( 

( 

( 


T  A  B  L  L  4.4  (Cont'dl  ,  „ 

LLOYO  -  LlP0«  model 
*  I  H  B  0  R  N  E 
SVSTEh-RAOAB 
IN-HOUSE 


SY8NO 

NO, fail 

HOURS 

R2 

f»3 

P4 

RBAR 

R8 

NO, 

I 

27 

105 

7Re 

r,37a9t40i 

0,92601601 

45,169 

0,91 

R2 

NO, 

2 

27 

127 

1097 

0,5C33E601 

0,16348602 

33,223 

0,90 

R2 

NO, 

3 

27 

65 

399 

0,28768601 

0,43268601 

28,526 

0,92 

NO, 

a 

25 

5U7 

J192 

0,20258601 

0,31838601 

19,450 

0,92 

M2 

NO, 

5 

27 

316 

2500 

0,56458601 

0.20288602 

36,490 

0,84 

R2 

NO, 

6 

25 

371 

3981 

0,92438601 

-, 80338603 

13,800 

0,58 

f 


LLOYO-LI^OW  MODEL 
AIRBORNE 
SYSTEM  -  laser 
I  N  •  M  0  U  S  E 


SYSNO 

NO. FAIL 

hours 

R1 

R2 

P3 

P4 

RBAR 

R1 

NO,  1 

27 

760 

0,13438602 

0,41728602 

132,175 

1 J 

NO,  2 

21 

19 

500 

0,16518602 

0,83718602 

15,575 

( 


( 


c 

€ 


LLOYD  -  LIPON  MODEL 
AIRBORNE 
8  Y  8  T  TH  -'L  A '8  P  R 
I  N  •  M  0  U  8  E 


SYSNO 

NO, fail 

HOURS 

PI 

P2  P3 

P4 

RBAR 

R3 

NO,  1 

20 

17 

767 

0,26698602 

0,10118^05 

_  109,545 

R3 

NO,  2  _ 

20 

17 

782 

0,2163E602 

0,20328603 

50,533 

RE 

0,7« 

0,8< 


I 


f 


1 


f 


T 

A 

li 

L 

E 

4 

.  4  Cent ' d 

L 

L 

0 

V 

0 

• 

L  1  R  0  w 

A 

I 

R 

e 

0 

R 

N  E 

s 

V 

S 

T 

E 

■  infra 

1 

N 

• 

H 

U 

U 

s  E 

*1L 

hours 

PI 

PI 

7 

5)4 

0,5775Ea01 

••4884EA04 

1 

785 

0,4(I«4E«02 

■• 1440E*00 

5 

521 

0,10a7EA0) 

■•1450CA04 

<» 

711 

0.70)4EA02 

•,1528E^05 

MODEL 

red 

PS  Pit  FBAR 

}?,36« 

I4.sre 

t«.027 

10,7)0 


178 


1 


T  A  D  L  E  4. 
LLOYO* 

A  1  0  B  0  0 

system 

FIELD 

N  0 

•  1  N  0  A  A 

SvSNfl 

NO, FAIL 

HOUOS 

01 

02 

R3 

NO,  1 

20 

3 

227 

0,3106EY02 

•,30900604 

»3 

NO,  2 

20 

3 

344 

O,0643EaO2 

0,10100604 

R3 

NO,  3 

24 

3 

709 

O.1203E4O3 

0,10000604 

03 

NO,  0 

24 

u 

411 

0,9197Ey02 

O,71O0C6O3 

«3 

NO.  $ 

24 

3 

433 

C, 07610602 

•,S076e6O4 

03 

NO,  6 

24 

3 

472 

0.tl2SE603 

0,30610604 

«3 

NO,  7 

24 

0 

10$6 

O,0721):6O2 

O.10O7E6O4 

05 

NO.  0 

24 

3 

324 

•,6699E602 

•,2467060$ 

N5 

NO,  V 

24 

3 

440 

0,7952E602 

0,15110604 

03 

NO,  10 

24 

u 

519 

0,15150603 

0,22000604 

05 

NO,  11 

24 

4 

349 

C, 70540602 

0,77430603 

03 

NO, 12 

24 

3 

25$ 

0,16040602 

•,04110604 

05 

NO, 13 

24 

3 

390 

0,20710602 

•.56310604 

03 

NO, 10 

24 

4 

$63 

0,12510603 

0,40170604 

03 

NO.tS 

24 

3 

307 

0,40190602 

0.45650603 

_05 

NO.  16 

24 

_  J 

_ 34$ 

•,14950603 

•,2103060$ 

03 

NO, 17 

24 

3 

70$ 

-,1493E605 

•,10670606 

03 

NO, 10 

24 

4 

440 

0.69400602 

0,01610603 

03 

NO,  19 

24 

4 

_  520 

O,1O70E6O3 

0,20530604 

03 

NO. 20 

24 

4 

3$4 

0,7342E602 

0.60170603 

f.ose 

2,ia7 
♦  ,95l 

to, $20 

«t*Sl 

12.122 

$1,020 

0,770 

$$,«7B 

12,05$ 

13,020 

10,000 

12.061 

0,00$ 

30,030 

13,070 

1$.$22 

103,070 

0,$01 

11,06$ 


•  ll 


I 


1  1.  0  ^  i)  MODEL 

*  I  «  e  0  «  M  c 

SYSTEM-IKFRARCO 
E  1  E  i.  0 

(CONTINoED) 


S  YSNO 

NO, fail 

hours 

PI 

P2 

PJ 

PO 

mAR 

R1 

NO, 21 

2a 

a 

ATI 

0,1211Ea01 

0,aAAfEY0O 

S6.ia7 

nj 

NO, 22 

2a 

J 

3ta 

0,50ttEa02 

0,6000Ca03 

0,190 

R5 

NO. 23 

2a 

a 

378 

0,7728E«02 

•,251SEaOO 

10,208 

RJ 

NO, 2a 

2a 

a 

189 

0,6003E«02 

OyOSaoEYOi 

36,191 

R1 

NO, 25 

2a 

3 

077 

O.llllEaOl 

0.5219Eaoa 

1,127 

RJ 

NQ,2A 

2a 

3 

193 

0,1056Ea0} 

0,2097E«0a 

77,101 

LLOYD*  LII»OM  MODEL 
A  1  R  D  0  R  N  E 


( 

SYSTEM 
I  N  •  M  0  U 

•  VISUAL 

S  E 

SCAN 

( 

SYSNO 

NO, fail 

HOURS 

PI 

P2 

PI 

PO 

9BAR 

R2  NO,  1 

22 

29 

766 

0,1695E«02 

0,91«2E6C2 

27,901 

< 

R2  NO,  2 

22 

01 

909 

0,11S5E602 

0,9999E602 

19,709 

C 

I 


f 


T  A  3  L  K  4.4  (Cont'd) 

AROE^  MOOEL 
A  I  R  e  0  R  N  c 
antenna 
I  N  •  H  0  U  5  E 


8Y8NU 

NO, fail 

hours 

R1 

P2 

R3 

P4 

R8AR 

# 

R2 

NO, 

1 

25 

6 

15S4 

0,1277Ea03 

•,R17RE*03 

15,S«9 

• 

R2 

NO, 

2 

27 

2R 

1  400 

0,9S55<402 

0,23291402 

25,904 

R2 

NO, 

3 

27 

6 

400 

0,2671E402 

0,9551E401 

15,159 

« 

_ Re 

NO, 

tt 

27 

21 

1200 

0,25S2E402 

0,1495E402 

31,730 

A 

R2 

NO, 

5 

27 

52 

6000 

0,7453!  »02 

0,9366C402 

21,559 

ARUEE  model 
A  I  R  i  0  R  N  E 

radar 
I  N  •  H  0  U  9  E 


»*<* 

OD 

SV8NO 

NO, fail 

HOURS 

PI 

P2 

P5 

P4 

R0AR 

RE 

V 

o 

R2 

_NO, 

1 

27 

192 _ 

4493 

0,1999E»02 

0,10951402 

19,907 

0,9 

( 

R2 

NO, 

2 

27 

43 

1000 

0,94911401 

0,59501401 

39,972 

9,9 

R2 

NO, 

3 

25 

392 

2179 

0,2119E401 

0,2311140) 

41,701 

0,9 

c 

R2 

NO, 

4 

25 

_ 315__ 

3964 

0,11591402 

■,42951402 

14,915 

1,1 

C 

R2 

NO, 

5 

27 

27 

400 

0,7295E401 

0,23741401 

15,193 

0,9 

R2 

NO, 

6 

27 

42 

1300 

0,10991402 

0,75251401 

37,949 

0,9 

r*  'j — 

4  •  ■ 


.  r  <  ^ 
■'  .1 


f 

f  * 


M  ^  ^  jV  *  '  "  « 

A-  ,  •  .  , 


.  -  >1  . '  ^ 

A  J .  ’  ^ 


,  r..  •  ^ 

H- 

V  ^  ' 


i  ••  ( 


"  4\  -  ’  »  >.  ■  ' 

^  ‘  .>  '  ,  'w 

<  V  *  •  '  ^  A  *  ■ 

•  _  »  •  y!  «*  ‘ 


I 

\  *  i 


T  A  b  L  E  4.4  (Cont ' d) 

ARoer  Mooei. 

AIRBORNE 
DISPLAY 
I  N  •  M  0  U  S  E 


SY3NO 

NO, PAIL 

HOURS 

PI 

P2 

11 

13 

1100 

0,62R7LA02 

0,1«12E«02 

21 

A 

aoo 

0,368flC«02 

0,13R6CA02 

25 

50 

3RR2 

0,R'*00Ea02 

•.2716*>02 

13 

600 

0,u2R6Ca02 

6,2102E«02 

27 

63 

49R6 

0,6aR7EP02 

0,S«S5EP02 

25 

1 1 

1200 

0,737REa02 

O,3ROOEa02 

AROtF  MODEL 
AIRBORNE 
COMPUTER 
I  N  .  M  0  U  8  E 


8V8N0 

NO,PAlL 

hours 

PI 

P2 

R1  NO, 

1 

_ 25 

? 

_ 536 

0,«OROE602 

•,Ba7lE602 

R1  NO, 

2 

23 

3 

785 

0,l067E60j 

0,I106E602 

R1  NO, 

3 

23 

3 

521 

0,16B0e603 

O,a2e4C602 

R1  NO, 

4 

21 

R 

500 

0,SC5BC402 

0,|376E602 

R1  NO, 

5 

21 

10 

760 

3,227ttE602 

0,1126E602 

I 


t 


T  A  U  L  C  4.4  (Cont'd) 

ABOt*'  MODEL 


A  1  R  B  0  B 

N  C 

C  0  M  R  0  T 

E  R 

t 

I  N  -  H  0  U 

S  E 

srSNO 

NO, fail 

HuUBS 

R1 

R2 

R3 

P9 

RBAR 

f 

1 

NO. 

1 

26 

3_ 

a07 

0, 62911402 

0,3625E402 

29,291 

0, 

i 

R2 

NO, 

2 

27 

77 

199a 

0.5192E402 

0.29516402 

18,975 

0, 

B2 

NO, 

3 

27 

12 

aoo 

0, 26096402 

0,96326401 

8,002 

0, 

t 

B2 

NO, 

u 

27 

27_ 

1400 

0,92696402 

0,1«29E402 

17.795 

0, 

( 

B2 

NO, 

5 

27 

la 

^JO 

0, 41956402 

0,19466402 

1’.109 

0, 

c 

A  B  0  6  F  M 

0  0  E  L 

A  1  R  B  0  R 

N  E 

L  A  S  6 

T  R  A  N  s  H  I 

TIER 

C 

I  N  •  H  0  U 

S  E 

SVSNO 

NO, fail 

hours 

61 

63 

63 

69 

RBAR 

N» 

6,4 

CO 

HI 

NO,  1 

21 

_1 

500 

0,12586403 

0,33036402 

9,309 

t 

R1 

NO,  2 

21 

7 

760 

0,57796402 

0,22686402 

50,S60 

( 


A 

R 

0 

E 

F 

MODEL 

A 

1 

R 

B 

0 

R  N  E 

L 

A 

S 

£ 

R 

transmitter 

X 

N 

m 

H 

0 

USE 

« 

R3 

NO,  1 

SY8NO 

20 

NO, fail 

7 

HOURS 

762 

61 

0,53976402 

62 

0,17626402 

63 

69 

RBAR 

25.1’^  _ 

0 

’  9 

R3 

NO.  2 

20 

11 

767 

0,33186402 

0,10916402 

32,990 

0 

I 


\  “o  k  k 

AIRBORNE 


LASER 

R  E  C  E  1  V 

1 

R 

• 

1  N  -  M  0  U 

S  E 

SY3NO 

NO, FAIL 

molrs 

PI 

P2 

PS  P« 

RBAR 

• 

«l 

NO.  J 

2t 

10 

760 

0.4B16EA02 

AilPmjLO_2_ 

32, SOS 

I  . 

— 

f 

A  R  0  E  F  R 

1  0  0  E  L 

A  I  R  B  0  R 

N  E 

1  A  3  E  » 

H  E  C  E  1  V 

1 

R 

( 

1  N  •  H  0  U 

S  E 

( 

BYSNO 

NO. FAIL 

hours 

PI 

P2 

PS  pa 

RBAR 

»3 

NO,  1 

20 

a 

767 

0,5P77EA02 

0,167BEa02 

BB.SS6 

'  (. 

RS 

NO,  2 

20 

<1 

762 

O.I9B2E602 

0.S416EA01 

IP, 740 

c 

00 

04 

A  R  0  E  F 

A  I  R  8  0  P 

H  0  0  E  L 

N  E 

“T> 

c 

LASER 

I  N  •  H  U  0 

X  M  T  R  /  R  C 
8  E 

V  R 

( 

SVSNO 

NO, fail 

HOURS 

PI 

P2 

PS 

pa 

RBAR 

_ R1 

NO,  t 

21 

17 

760 

0.2a0«E602 

0.1235E602 

56,656 

( 

NO,  2 

21 

10 

500 

0,S5«1E602 

0,10B2E602 

25. *46 

( 


t 


I  "-‘o'fTV'" 

*  I  »  B  0  «  N  E 


L  A  8  C  •) 

X  H  T  0  /  R  C 

V  R 

• 

1  N  •  M  0  U 

8  E 

3V8NO 

NO, fail 

NUUR8 

PI 

P2 

P3 

P(i 

RBAR 

f 

»3 

NO,  \ 

20 

1(1 

7B2 

0,236aE«02 

0,1160Eao2 

31.615 

0 

( 

»3 

NO,  2 

20 

15 

767 

0,2006E«02 

0,7626Et01 

53,872 

0 

1 


T  \  B  L  r.  4.4  (Cont'd) 

ANOfcF  model 
*  1  R  e  0  «  N  E 

iNfRARED  RECEIVER 
in-house 


8V8N') 

NO, fail 

hours 

PI 

P2 

Rl 

NO, 

1 

23 

5 

Til 

0,26T6C402 

•,R102E603 

Rl 

NC, 

2 

23 

5 

T85 

0,11TTEA03 

•,TT2RE402 

Rl 

NO, 

3 

23 

A 

536 

0,5290EA02 

-,1550EaOS 

RBAR 
IT, 32*. 
12,Sfc6 
19.22* 


R2  NU,  I 


aroet  model 

AIRBORNE 

INERAREO  RECEIVER 

in-house 

8Y8NO  NO, FAIL  HOURS  Rl  R2  R3 

27  65  2500  0,IT11E402  0,116lE602 


RBAR 

66,R02 


AROEF  model 

airborne 

'8  VS  TEN.  radar 

I  N  -  M  0  U  8  E 


8Y8NO 

NO, FAIL 

hours 

PI 

P2 

P3 

PR 

RBAR  < 

t 

R2 

no, 

1 

2T 

103 

T98 

0,3376E«01 

0,2T16E601 

3T,T69  0 

t 

R2 

NO, 

2 

2T 

12T 

lORT 

O.RTlSEYOl 

0,35S6E«01 

2«,92m  0 

R2 

NO, 

3 

2T 

65 

3Rf 

0,2TOSEA01 

0,148«C601 

25,260  U 

• 

R2 

NO, 

a 

25 

_ _3tt7_ 

1112 

0,1S76EA01 

0,1R25E«01 

35.RR3  0 

• 

_  R2 

f 

NO, 

5 

2T 

316 

2500 

0,5310EA01 

0,536BEa01 

31,955  0 

_  *2 

NO, 

6 

25 

3T1 

34SI 

O.RIRTEVOI 

•,5959E602 

1«,139  1 

I 


TAB  I.  1-  4.4  (Cont'd) 

a«oe^  model 

A  1  n  B  0  M  N  C 


• 

SVSTtM-LASER 

1  N  -  H  0  U  S  € 

SrSNO 

NO, PAIL 

HOURS 

PI  »'2  P3 

pa 

RBAR 

• 

NO,  1 

21 

27 

760 

0,1055C602  0,5952E401 

79,665 

1 

NO,  2 

21 

19 

SOO 

0,1593(602  0,6150(601 

26,637 

( 

AtO(F  MODEL 

A  R  B  0  R  N  E 

1 

8>3TEM-L*SER 

IN-HOUSE 

SYSNQ 

NO, FAIL 

hours 

PI  P2  P3 

pa 

RBAR 

L 

RJ 

NO,  J 

20 

17 

767 

0,2220E602  0,6065(601 

59,711 

( 

R3 

NO,  2 

20 

17 

762 

0,16S6E602  0,1066(602 

36,526 

O 

S 

o^ 

( 

AROEF  model 

AIRBORNE 

C 

a 

8  V  S  T  E  M  -“I  N  F  R  A'R  E  D 

in-house 

8V8NO 

NO, FAIL 

HOURS 

PI  P2  P3 

pa 

RBAR 

( 

R1 

NO,  1 

23 

17 

536 

0,1867E602  -,1279(603 

R1 

NO,  2 

23 

11 

765 

0,6522(60?  -,2779(602 

15,630 

R1 

NO,  3 

23 

5 

521 

0,1037C603  •,iai6E602 

ia,137 

t 

"1 

NO,  U 

_ 

9 

0,7619(602  _-.1297E603 

11,500 

1'  ■ 

- - • —  - 

t 

c 

m  *  *  ! 

1 

T  A  B  L  t  4 

*  R  0  t  F 

A  I  R  b  0  R 

.4  (Cont’d) 
MODEL 

N  E 

• 

S  V  S  T  E  H 
FIELD 

•  1  N  F  R  A  H  E 

0 

• 

•JJ 

NO,  1 

SV8N0 

_ ?4_ 

NO, FAIL 

3 

HOURS 

227 

R1 

0,3«2SE402 

Pi 

•,5642Ea02 

R3  P4 

RBAM 

7,325 

f 

l»3 

NO,  2 

24 

3 

344 

0,9192E402 

0,3386eA02 

0,966 

i' 

«3 

NO,  3 

24 

3 

769 

0,1361Ef03 

0,S534Ef02 

9,916 

1. 

»3 

NO,  <1 

24_ 

4 

411 

0,9111EA02 

0,75VE*0l 

10,384 

( 

«3 

NO,  5 

24 

3 

433 

0,9390Ea02 

•,6660E *02 

4,347 

( 

R3 

NO,  6 

24 

3 

472 

0, 1 144EA03 

0,3646Ea02 

11,930 

_ R3 

NO,  7 

24 

8 

1056_ 

0,6295C*02_ 

.0(363lEt02 

31,766 

( 

«3 

NO,  a 

24 

3 

324 

0,1610EF02 

•,2639Ef03 

1.960 

{ 

R3 

NO,  M 

24 

3 

440 

0,7562E«02 

0,3375Ef02 

36,464 

R3 

NO,  10 

24 

4 

519 

0,1571EF03 

0,37771*02 

12,837 

( 

-‘■ym— 

» 

'J  R3 

NO,  11 

24 

4 

349 

0,6270E«02 

0,2566E*02 

9,625 

( 

«3 

NO, 12 

24 

3 

255 

0,3514E»02 

■•l060Ct03 

10.642 

R3 

NO, 13 

24 

3 

390 

0,3462EF02 

•,7707E*02 _ 

( 

M3 

NO, 14 

24 

4 

563 

0,l293Et03 

0,4674e*02 

__ 

7,857 

R3 

NO, 15 

24 

3 

307 

0,4013E902 

0,1930E*02 

30,163 

( 

_ M3 

NO, 16 

24 

3_ 

345 

0,1736E*01 

•,5490Et03 

«*•»! 

( 

M3 

NO,  17 

24 

3 

703 

0,3097E602 

•,5553E*03 

12,350 

M3 

NO,ia 

24 

4 

446 

0,a055E902 

0,2316E*02 

53,116 

t 

M3 

NO  4 1 M 

24_ 

4 

529 

0«n2?»0.5 

0,4092E*02 

_ 5»6a7_ 

• 

_ ^M3 

NO,  20 

24 

4 

354 

0,7241E602 

0,7992E*0l 

11,704 

1. 


R 

0. 

0, 

0, 

If 

0. 

0, 

0. 

0. 

0. 

Or 

0. 

O.i 

0,' 

o.i 

0,1 

0.1 

0.! 

o.< 

0,( 

t.l 


>  ’ 


*  i 

*  1 


^  v;.-  *  J/l: 


t 


airborne 


SYSTEM 

•  infra 

RED 

FIELD 

(CONTI 

M  U  E  D  ) 

svsNn 

NO, FAIL 

HOURS 

Rl 

R2 

F3 

R4 

RBAR 

R5 

MO, 21 

?0 

4 

671 

0,1123Ea03 

0,4756£a02 

27,900 

R5 

_N0,22 

_  2« 

3  _ 

314 

0,5329EA02 

0,1948Ea02 

2,900 

R5 

NO, 23 

2tt 

li 

37B 

0,7696CA02 

•«2S96Ea02 

10,496 

R5 

NO,2U 

24 

a 

385 

0,5965EA02 

0,t744EA02 

22,723 

RS 

MO, 25 

_ 24 

_ 3_ 

477 

0,1437E^03 

0,4807Ea02 

C,016 

R3 

MO, 26 

24 

3 

3R3 

0,9917E^02 

0,a0l6EA02 

*1,938 

arocf  model 
airborne 
'B  Y  S  t  6  M  -  V'r  I  IT  S  L 
I  N  •  M  0  U  S  E 


SYSNO 

NO, FAIL 

HOURS 

Rl 

R2 

R2 

_ f^Oj,  1 

22 

29 

766 

0,162«E*02 

Oj612*E901 

R2 

NO,  2 

22 

41 

549 

0,lll7EA02 

0,6857tt0l 

SCAN 

R1 


RBAR 

ie*Bi2 


€ 

I  i  t  ^  L  E  N  T  i  4  t 

_  __  _  *IRBO»St 

A  T  E  N  N  * 

I  IN-HOUSE 


• 

»2 

NO, 

1 

SVSNQ 

25 

NO, FAIL 

«> 

HOURS 

1564 

PI 

0,7144E«03 

P2  P3 

-,7251E-0S 

Pa 

R8AR 

1R«5S5 

BE 

0,51 

• 

«2 

NO, 

2 

27 

2'> 

1400 

0,2104EA02 

0.7516E-03 

11.594 

0,2 

»2 

NO, 

3 

27 

6 

400 

0,1743E602 

0,2430E-02 

4.190 

0,0 

V 

R2 

NO, 

y 

27 

21 

1200 

0,135a|+02 

0,i453E-02 

6.633 

0,0 

t 

( 

( 

»2 

NO, 

5 

27 

52 

^  — 

6000 

0,3665Ea02 

0.2497E-03 

35.232 

0,8= 

_  _fr? _ 

S  I  H  P  L  E 

A  1  R  a  n  R 

EXPONENTIAL 

H  E 

( 

00 

<0 

R  A  0  A  R 

I  N  •  H  0  U 

S  E 

§‘ 

8YSN0 

NO, fail 

HOURS 

PI 

P2  P5 

P4 

RSAR 

HE 

R2 

NO, 

1 

_ 27 

162 

<1966 

0,14621602 

0,1566E-0S 

6, VI 

0,11 

( 

R2 

NO, 

2 

27 

43 

1000 

0,4e4SE601 

0,1605E-02 

7,929 

0,01 

»2 

NO, 

5 

25 

3«2 

2176 

0,1237E60| 

0,«077E-0} 

14,150 

0,2I 

( 

R2 

NO, 

4 

25 

315 _ 

JL’i" 

Oj1680E602_ 

-,t|6SC>0S 

I***?* 

0,41 

0,0< 

C 

«2 

f 

s 

27 

27 

400 

0,52R6E601 

0.2385E-02 

4,445 

t 

R2 

NO, 

6 

27 

42 

1300 

0,6003E601 

0,1472e-02 

4,494 

0,0! 

c 

t  ' 

•  — 

\ 


m 


I 


JAB^E  4.4^ConJ'd)^^^T  I  *L 
A  1  H  9  0  H  N  f 

display 
I  N  •  H  0  U  S  C 


5V8NO 

NO, PAIL 

HOURS 

PI 

P2 

P3 

P4 

RSAR 

9 

R2 

NO. 

1 

27 

13 

1100 

0,5011E^02 

0,i7SlC>03 

7,773  1 

• 

R2 

NO, 

2 

27 

e 

UOO 

0,2213E^02 

0.20k0C«n2 

S.IZI  < 

R2 

NO, 

3 

25 

50 

3RR2 

0,5370E»12 

-,3a6lE»00 

12,072 

f 

R2 

NO, 

<1 

27 

13 

800 

0.2314CY02 

0.1358E*02 

5, *91 

f 

R2 

NO. 

5 

27 

«3 

«49« 

0,a9T5e*02 

0,9«12E>04 

10,145 

( 

R2 

NO, 

t) 

25 

11 

1200 

0,273U«02 

0,ia56C>02 

21.150 

( 

hours 

53* 

SIMPLE 

A  I  R  8  0  R 

e  *  p  0  N 
N  E 

E  N  T  I  A  L 

RIAR 

16(180 

( 

-L.> 

1 

VC 

r.) 

R1 

NO, 

1 

SY3NO 

23 

NO, PAIL 

5 

COM  P'U  T 

I  N  •  H  0  U 

PI 

0,1^077I40]^ 

E  ■» 

S  E 

P2 

•,229lE-02 

P3 

PO 

( 

R1 

NO, 

2 

23 

3 

785 

0,9229e*02 

0,3778£*03 

0,924 

R1 

NO, 

3 

23 

3 

521 

0,10706903 

0,B579E-03 

5(944 

f 

Rl 

NO, 

a 

21 

9 

500 

0,1*02('.902 

0,2595E-02 

6,760 

R1 

NO, 

5 

21 

10 

760 

0,S080E90I 

0,4028e«02 

29,270 

t 

f 


t 

I 

» 

i 

c. 

( 


T  A  B  L  r  4.4  (Cont, ’cl) 

simple  exponential 

AIRBORNE 
COMPUTER 
I  N  •  H  0  U  S  E 


SYSNO 

NO, Fail 

HOURS 

PI 

P2 

P3 

P4 

PBAR 

"2 

NO, 

t 

_  26 

_  5 

407 

0,3246E«02 

0,36B0E«02 

12,364 

R2 

NO, 

2 

2? 

7? 

3494 

0,2«9BEa02 

0.225SE-03 

•0,S55 

R2 

NO, 

3 

2T 

12 

400 

0,2302Ea02 

0.S219E-03 

3.702 

R2 

NO, 

4 

27 

27 

1400 

0,29t8EA02 

0,4B04E>0S 

6,623 

R2 

NO, 

5 

27 

14 

BOO 

0,2470E«02 

O.USSEfO? 

5,094 

<. 

simple 

A  I  R  B  0  R 

E  X  p  0  N  E 
M  E 

N  T  I  A  L 

C 

LASER 

I  N  •  M  0  U 

'T  R  A  >1  8  M  I 

S  E 

T  T  E  R 

SYSNO 

NO, FAIL 

hours 

Pi 

P2 

R3 

P4 

RIAR 

( 

U5 

^  RJ 

NO,  1 

21 _ 

3 

_ 500 

0,1S57EA02 

0,5B66E«02 

32,714 

(. 

41 

NO,  2 

21 

7 

760 

0,t290Ct02 

0,3654E*02 

32,403 

C 

f 

t 

T 


Pf 

0, 

It 

0. 

Of 

0. ' 


0.^ 

0,^ 


{ 


1 

T  A  B  L  t  4. 

S  1  H  R  L  E 

A  1  R  B  0  R 
LASER 

I  N  .  H  0  U 

4  (Cont'd) 

^  Y  P  0  N 

N  E 

T  R  A  N  8  M 

5  E 

E  N 

I  T 

T  1 

T  E 

A  L 

H 

1 

SYSNO 

NO, fail 

houhs 

Pt 

P2 

PI 

P6 

R8AR 

‘i 

R1 

NO,  1 

20 

7 

782 

0,19668602 

0,29288*02 

29,627 

R3 

NO,  2 

20 

1  1 

767 

0,14968602 

0.2101E-02 

■  A 

25,729 

r 

SIMPLE 

A  1  H  B  0  R 

1  X  P  0  N 
N  E 

R  8  C  E  !  V 
8  E 

E  N 

8  R 

I  I 

A  L 

( 

LASER 

I  N  •  H  0  U 

SV3NO 

NO, fail 

HOUHS 

PI 

P2 

PI 

P6 

RBAR 

HI 

NO,  1 

21 

10 

760 

0,11768602 

0.12188*02 

JliTll 

< 

L 

( 

f 

V- 

- « 

i.' 

SIMPLE 
A  I  R  B  0  R 
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